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Urban Stormwater Quality:
Summary of Contaminant Data
David K. Makepeace, Daniel W. Smith, and Stephen J. Stanley
Environmental Engineering and Science, Department of Civil Engineering,
University of Alberta, Edmonton, Alberta T6G 2G7
ABSTRACT: Storm water quality can have a significant impact on receiving water bodies. Two of
the major impacts can be to aquatic life in the receiving water body and downstream water users that
might use the water as a raw water source for drinking water. With increased understanding of the
importance of drinking water quality to public health and the recognition that protecting raw water
sources is an integral component of the water treatment process, there is a greater need to identify
possible contaminants found in storm water that impact the receiving water quality. Presented is a
literature review to identify and quantify con~aminant data available on storm water. The article
focuses on work that presented specific chemical, physical, and biological parameters rather than the
traditionally used overall water quality parameters, such as biochemical oxygen demand and total
suspended solids. To assess impacts and to put into perspective the importance of the reported
concentrations, values were compared with pertinent guidelines, regulations, and levels that have
been reported to cause possible adverse impacts.
KEY WORDS: stormwater quality, stormwater, water quality, contaminants, microorganism.

LIST OF ABBREVIATIONS
BBP Butylbenzyl phthalate; BHC Hexachlorocyclohexane (benzene hexachloride). The most common isomers ofBHC are a (65%), J3 (11 %), (8%), and y(l4%) (lindane); BOD5 5-day biochemical
oxygen demand (the amount of dissolved oxygen used by microorganisms in the biochemical
oxidation of organic matter over a 5-d period, expressed in milligrams of oxygen per liter); COD
Chemical oxygen deml!Ild (a measure of the oxygen equivalent of the organic matter able to be
oxidized by a strong chemical oxidant, expressed in milligrams of oxygen per liter); CSO Combined
sewer overflows (a collection system that has only one sewer pipe network to collect domestic
wastewater, industrial wastes, and storm water); CWA Clean Water Act; DBP Di-n-butyl phthalate;
DDE l, l-Dichloro-2,2-bis-(4-chlorophenyl)ethylene; DDD 1, l -Dichloro-2,2-bis(4-chlorophenyl)ethane); DDT l, l ,l-Trichloro-2,2-bis(4-chlorophenyl)ethane); DEHP Bis(2-ethylhexyl) phthalate; DEP Diethyl phthalate; DMP Dimethyl phthalate; DnOP Di-n-octyl phthalate; EEC European
Economic Community; EMC NURP event mean concentration (the total contaminant mass discharged divided by the total runoff volume); EPA U.S. Environmental Protection Agency; FC Fecal
coliforms. FC is an indicator microorganism. It is a subgroup of the total coliforms that are tested at
a higher temperature (43 to 44SC). The FC test indicates the presence primarily of E . coli and
Klebsie//a; FS Fecal streptococci. FS is an indicator microorganism. It includes S.faecalis, S.faecium,
S. durans, S. bovis, and S. equinus; HPC Heterotrophic plate count. HPC is an indicator microorganism. It includes a large group of bacteria, including pathogens and opportunistic pathogens as well
as nonpathogens. It indicates the general biological quality of the water; K 0 w Octanol/water partition
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coefficient (a measure of the hydrophobicity of a chemical; usually reported in a logarithmic format
[unitless]); MAC Maximum acceptable concentration (derived to protect public health, assuming
lifelong consumption of drinking water containing the chemical at that concentration); MCLG
Maximum concentration level goal; NOAEL No observed adverse effect level; NPDES U.S.
National Pollutant Discharge Elimination System; NTU Nephelometric turbidity units; NURP
Nationwide Urban Runoff Program; PAH Polycyclic aromatic hydrocarbons; PCB Polychlorinated
biphenyl; TDE l,l-dichloro-2,2-bis(4-chlorophenyl)ethane); TDS Total dissolved solids (the filterable residue matter that remains after evaporation at 103°C); TC Total coliforms. TC is an indicator
microorganism. It contains all aerobic and facultatively anaerobic, Gram-negative, non-spore-forming, rod-shaped bacteria that ferment lactose with gas formation within 48 h at 35°C. It includes E.
coli, Enterobacter, Citrobacter, and Klebsiella ; TCDD 2,3,7,8-tetrachlorodibenzo-p-dioxin (2,3,7,8TCDD); TKN Total Kjeldahl nitrogen (the total organic and ammonia nitrogen content in a sample) ;
TS Total solids (all the residue matter that remains after evaporation at 103°C); TSS Total suspended
solids (the nonfilterable residue matter that remains after evaporation at 103°C) ; WHO World Health
Organization; WQA U.S. Water Quality Act 1987; 96-h LC 50 Lethal concentration toxicity test for
aquatic life based on 96 h; 2,3,7,8-TCDD 2, 3,7,8-Tetrachlorodibenzo-p-dioxin (2,3,7,8-TCDD).

I. INTRODUCTION
Over the last few decades, legislation, regulations, and facilities development
have generally addressed the concern of urban point source discharges to receiving
water bodies. As a result, the relative pollutant load contribution of nonpoint
source discharges has gradually increased. Urban stormwater runoff is one such
nonpoint discharge. Traditionally, research and study in the storm-water field has
concentrated on the quantity of water produced and the development of methods
to safely handle this quantity. Only recently has the contaminants in the storm
water become a major concern.
The impact that contaminants in storm water may have on the receiving water
body is dependent on water use. Two of the major impacts can be an aquatic life
in the receiving water body and downstream water users who may use the receiving
water body as a raw water source for drinking water. With increased understanding
of possible impacts of drinking water on public health and the recognition that the
quality of drinking water produced is dependent not only on the treatment system
used but also on the quality of the raw water available, many water utilities are now
concerned with the mechanisms and quantities of contaminants that enter their raw
water source. This information can then be used as part of a water source management strategy as it has generally been found that water source management
provides substantial economic benefits in comparison to traditional reliance on
only new and improved treatment systems.
In response to these concerns, an international literature search was undertaken
to identify all stormwater research that had been published in the last 25 years that
identified and quantified contaminant parameters. The literature search focused on
work that presented specific chemical, physical, and biological parameters rather
than the traditionally used overall water quality parameters such as biochemical
oxygen demand (BOD) and total suspended solids (TSS), which are difficult to
assess in terms of their impact on drinking water supplies.
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Information was gathered through the use of international computer databases
and environmental bibliographies. The literature search yielded 140 articles containing water quality analysis of storm water. The review deals primarily with
separate storm sewers, although combined sewer overflows (CSO) were addressed
in many of the papers. Analytical data were extracted and summarized from the
various studies. The amount of research on the various contaminants varied widely.
Some contaminants, such as 2-chlorophenol, were only reported in a single study. 73
Other contaminants, such as zinc, were cited in numerous studies. As a result, the
range and confidence in the concentrations reported herein also vary widely from
contaminant to contaminant.
For each parameter, the range of reported concentrations was established. For
some contaminants, the concentration range varied by many orders of magnitude
(e.g., cadmium). A generalized mean concentration range has been provided for
contaminants, where possible, using an average of all values. The role of land use
in the concentration of the parameter was not summarized, given the wide variety
of contaminants investigated.
To assess possible impacts and to put into perspective the importance of the
reported concentrations, values were compared to pertinent guidelines and regulations. For the assessment of possible impacts to drinking water, concentrations
were compared with international drinking water standards and guidelines. It is
recognized that undiluted storm water is seldom used as a raw water source, and
the actual impact on finished drinking water quality will be dependent on removal
efficiencies for that contaminant in the treatment system. However, this comparison does highlight which contaminants are of little concern and which may be of
concern. For those of concern, water utilities may require further study to assess
dilution, and hence the concentration in their raw water, and treatment efficiencies
to assess the impact on their finished water quality. It should be noted that, for a
number of parameters, no guidelines for drinking water exist. Contaminant data
was also compared to both marine and freshwater aquatic guidelines in the U.S.
and Canada. In addition, acute and chronic toxicities for the most sensitive organisms for each pararpeter were noted, when available, along with the major sources
of each contaminant. To aid the use of the data, all were converted to the same units
for comparison purposes, where possible, and summarized in table format for easy
access.
The primary purpose of this review is to present required information for
water users, urban areas producing storm water, and regulators to determine the
important contaminants that may negatively impact human and aquatic life.
The information can be used to determine which parameters should be analyzed for, and analytical results can be compared to the appropriate guidelines
for human and aquatic life as well as the recorded concentration range of that
contaminant found in other studies. If contaminants are found in sufficient
concentrations to cause negative impacts, measures can be taken to lessen these
impacts.
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11. CONTAMINANTS
A. Physical Contaminants
Total solids in storm water can have a range of concentrations from 76 to
36,200 mg/I. The means of total solids values range from 481 to 1440 mg/l.
Guidelines for solids in water are directed toward the suspended and dissolved
fractions.
Total suspended solids in storm water have been found at a concentration range
of 1.0 to 36, 200 mg/I. The means of suspended solids values range from 4 to 1223
mg/1. There are drinking water guidelines for turbidity but not for TSS per se.
Turbidity is related to the suspended solids, but it is also related to suspended
organisms. There are aquatic guidelines for TSS in Canada. The guidelines compare the background water TSS with the increase in TSS caused by a discharge
(i.e., a maximum of a 10% increase above a background of suspended solids that
originally had a TSS of greater than 100 mg/I). The U.S. maximum contaminant
level for turbidity is 1 nephelometric turbidity units (NTU) on a monthly average,
and 5 NTU on two consecutive days, entering the drinking water distribution
system. Twenty-five NTU is approximately 25 to 100 mg/l total suspended solids
(all other factors being constant), which could reduce a river's primary biological
productivity by 13 to 50%. 18 Alberta requires that municipal wastewater treatment
plants produce an effluent that has a TSS concentration of less than 20 mg/l
(20,000 population or more). The Nationwide Urban Runoff Program (NURP)
final report strongly suggests that urban runoff control be considered when TSS
levels are high. This major study even suggests that there should be urban runoff
control as opposed to advanced wastewater treatment when TSS problems exist. 7•8
Total dissolved solids in storm water have been found at a concentration range
of 75.9 to 2792 mg/l. The mean of the total dissolved solids is 178 mg/I. Canada
has an aesthetics drinking water quality objective of ::S:500 mg/I.
The temperature of storm water has a reported range of 10 to 30.S°C. 11 •114 The
Canadian drinking water quality aesthetic objective for temperature is ::S:l5°C.
The color and odor of storm water have not been quantified in the research
literature. Both parameters have aesthetic objectives (::S:15 true colour units and not
offensive, respectively) in the Guidelines for Canadian Drinking Water Quality.
B. Inorganic Chemical Contaminants

Thirty-one inorganic stormwater contaminants have been identified in
stormwater research information. The priority pollutant inorganic chemicals attracted most of the attention. They were the most prevalent of any contaminant in
stormwater studies. They often exceeded water quality guidelines and occasionally
had concentrations high enough to be considered hazardous to receiving water
organisms. The most studied chemicals found in the literature search were copper,
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lead, zinc, and cadmium. Contaminants that are of greatest concern include lead,
copper, zinc, cadmium, nickel, arsenic, and beryllium. Metals are subject to
changing conditions in the stormwater system, including aerobic/anaerobic conditions and pH. Processes involved in the removal of these materials include adsorption, precipitation, dissolution, deposition, dissociation, complexation, transformation, and biochemical reactions.
Total metal concentrations may be misleading with respect to toxicity because
not all the metal is in a form(s) that is available to the biological population.49•105 Free
metal ions and weak inorganic complexes tend to be the most bioavailable forms and
hence the most toxic to aquatic life. Generally, there is only a small portion of the
total metal concentrations in storm water that is in a bioavailable form. The amount
of each of the species will change as different parameters, such as pH, change in the
stormwater system. Unfortunately, regulations and guidelines have not been developed based on the natural processes and transformations that may occur.
Aluminum in stormwater runoff has been found at a concentrati9n range of 0.1
to 16.0 mg/l. The European Economic Community (EEC) is the only jurisdiction
to limit aluminum in drinking water (0.2 mg/l). The Canadian Aquatic Guidelines
set a limit range of 0.005 (pH <6.5) to 0.1 (pH >6.5) mg/l.
Aluminum is most toxic at a pH of 5.0 to 5.2. Acute toxicity is between 0.05
(white sucker fry) to 0.12 (rainbow trout) mg/l, at a pH of 4.5 to 5.0. The no
observed adverse effect level (NOAEL) for the American toad (Bufo americanus)
was 0.005 mg/l.
Aluminum in runoff may be due to natural sources25 as well as anthropogenic
sources, and may include Al-rich effluents from various industries (castings, siding
manufacturing, etc.), alum used in flocculation (water treatment), and emissions
from coal combustion. 18
Antimony in stormwater runoff has been found at a concentration range of
0.0035 to 0.023 mg/l. The drinking water criteria for Sb range from 0.006 to 0.010
mg/l. Aquatic life is not affected by Sb in storm water. It was detected in 13% of
the NURP Priority Pollutant Study samples.7•8 Antimony is associated predominantly with suspei:ided solids.25
Acute toxicity ranges from 0.610 (algae) to 9.0 (Daphnia magna) mgll. Chronic
toxicity is approximately the same as the acute toxicity. 18
The sources of Sb include gasoline, metallurgical plants, paint pigments, some
solders, flame-retardant material, and plastics.
Arsenic in storm water has been found at a concentration range of 0.001 to 0.21
mg/l. For the studies available, the means of the arsenic values range from 0.024
to 0.21 mg/l. The drinking water guidelines range from 0.01 to 0.05 mg/l. The
aquatic life guidelines fall between 0.013 (marine chronic) and 2.319 (marine
acute) mg/l for As 5 +. The aquatic life guidelines range from 0.036 (marine chronic)
to 0.360 (freshwater acute) mg/l for As 3+. Arsenic is associated predominantly with
suspended solids.25 It was detected in 52% of the NURP Priority Pollutant Study
samples.7·8 The redox potential and pH govern the form arsenic will take in water.
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Arsenic is more toxic at higher water temperatures. Humans are more sensitive
than aquatic life to As. 18 Acute toxicity for As 3+ ranges from 0.812 (cladoceran) to
14.96 (adult brook trout) mg/l. The lowest reported acute toxicity for As 5+ is 10.8
mg/l (rainbow trout). The chronic toxicities of both forms of arsenic are in the same
range as the acute toxicities.
Sources include industrial emissions, 25 fossil fuel combustion, smelting, some
laundry products, some pesticides, weed killers, defoliants, and preservatives. 18
Asbestos in storm water has not been addressed in any study to date, including
the NURP Priority Pollutants Study. The U.S. has a maximum drinking water
concentration level of7.0 x 106 fibers per liter (1>10 µm). No aquatic guidelines
are available for asbestos.
There are few data on asbestos and its toxicity to aquatic life. Studies have
shown that asbestos does not accumulate in fish tissue. 18
Sources of asbestos include wear of clutch and brake linings in vehicles,
building materials (insulation, fireproof material, etc.), flushing fire hydrants where
asbestos-cement water mains are present, and the milling/mining of asbestos
minerals.
Barium in storm water runoff has been found at a concentration range of 0.066
to 0.087 mg/l. The maximum drinking water quality concentration for barium, for
the different jurisdictions, ranges from 1.0 to 2.0 mg/l. There are no aquatic life
guidelines for barium. According to the limited data, barium does not appear to be
a problem in stormwater runoff.
Some sources of barium in receiving water include effluents from printing and
dyeing, drilling muds, and manufacturing of lubricating oils, paints, and synthetic
rubber. 18
Beryllium in stormwater runoff has been found at a concentration range of
0.001 to 0.049 mg/l. There has been very little research on beryllium in storm
water. The U.S. is the only jurisdiction that has set a drinking water limit (0.004
mg/l) on this element. The U.S. freshwater chronic criteria (0.0053 mg/l) would be
exceeded by some stormwater samples. Beryllium was detected in 12% of the
NURP Priority Pollutant Study samples. 7•8 In stormwater runoff, Be is mostly
associated with suspended solids.
Beryllium is more toxic in soft water. The acute toxicity range was 0.130 to
0.450 mg/l for guppies to 0.150 mg/l for fathead minnows at a hardness of 23 mg/l (as
CaC0 3 ). A chronic test was done on D. magna was 0.0053 mg/l. 18
The main source of beryllium is the combustion of fossil fuels.
Cadmium in storm water runoff can have a concentration range of 0.00005 to
13.73 mg/1. For the studies available, the means of the cadmium values range from
0.0003 to 0.011 mg/l. Cadmium was detected in 48% of the NURP Priority
Pollutant Study samples. 7•8 Cadmium in storm water is a concern with respect to
both drinking water quality regulations (0.005 to 0.01 mg/l) and aquatic life criteria
(0.0002 to 0.0093 mg/l). In stormwater runoff, Cd is mostly associated with
dissolved solids. 92 It can also be associated with colloidal material. 63
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Acute toxicity is affected by hardness, pH, and temperature of the water,
organic compounds, (fulvic and humic acids), and metals. The U.S. Environmental
Protection Agency (EPA) calculated a rainbow trout mean acute toxicity of
0.0036 mg/I at a hardness of 50 mg/l. 18 Chronic toxicity ranges from 0.00015 to
0.156 mg/l for different organisms. Cadmium bioaccumulates in both aquatic
plants and animals.
Sources of Cd include combustion, 103 wear of tires and brake pads, 132 possible combustion of lubricating oils, 132 metal-finishing industrial emissions, agricultural use of sludge, fertilizers, and pesticides, and corrosion of galvanized
metals. 18
Calcium in stormwater runoff has been found at a concentration range of 0.04
(snow) to 2113.8 mg/I. The means of calcium values range from 4.8 to 26.5 mg/I. The
EEC has the only guideline for calcium of 100 mg/I (guide level). There are no
aquatic guidelines for calcium.
Anthropogenic sources of calcium include the deterioration of building materials, effluents from chemical, petrochemical, and water/wastewater (lime), road
deicing, and the emission of fossil fuels. 18
Cerium in stormwater runoff has been found at a concentration range of 0.047
to 0.136 mg/I. There are no drinking or aquatic guidelines for cerium.
Sources may include metallurgical and chemical industry effluents and glassmanufacturing wastes.
Chloride in stormwater runoff has been found at a concentration range of 0.30
(snow) to 25000 mg/I. Some of the high values are associated with winter and
spring runoff of salt-laden stormwater from the deicing of roads. Canadian drinking water guidelines have a maximum acceptable concentration for chloride (Cl)
of 250 mg/I, while the EEC has a guide level of 25 mg/I.
Human sources of chloride include the deicing of streets and sidewalks, tire
road ballast, dust control, chemical manufacturing, wastewater treatment, fertilizers, and insecticides.
Chromium in stormwater runoff can have a concentration range of 0.001 to
2.30 mg/I. For the. studies available, the means of the values range from 0.010 to
0.23 mg/I. Chromium in storm water is a concern with respect to meeting drinking
water (0.05 mg/I) and aquatic life (0.002 to 0.020 mg/I) guidelines. Chromium is
associated predominantly with suspended solids. 25 It was detected in 58% of the
NURP Priority Pollutant Study samples. 7•8 Cr6+is soluble, mobile, and can be stable
for long periods in waters that have low organic matter. Cr3 +has an affinity to form
stable complexes, especially chromium hydroxide. 18
The acute toxicity of Cr6+ was 0.023 mg/I for D. magna to 0.265 mg/I for
rainbow trout fry, and 0.002 mg/l for blue-green algae. 18 Chronic toxicity for Cr6+
was 0.003 to 0.040 mg/I for Daphnids and 0.073 mg/I for rainbow trout fry. The
bioconcentration of Cr6+ is much greater in algae than fish. The acute toxicity for
Cr3+ was greater than 2.221 mg/I for mayflies. The chronic toxicity for Cr3+was
0.066 to 0.445 mg/I for D. magna. 18 Cr3+is more toxic in soft water.
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Sources of Cr include corrosion of welded metal plating, I 32 wear of bearings
and bushings and other moving parts in engines, 55 dyes, paints, ceramics, paper,
heating and cooling coils, fire sprinkler systems, pesticides, and fertilizers. I~
Cobalt in stormwater runoff has been found at a concentration range of0.0013
to 0.0054 mg/l. There are no drinking water guidelines or aquatic criteria for
cobalt. It is uncertain if this range of cobalt in storm water is a problem or not.
Cobalt can accumulate in plants and aquatic organisms, but biomagnification is not
significant. IS
Sources include cobalt oxides used in paints and other similar materials,
corrosion of high-strength alloys, wastes from tire and appliance manufacturing,
and emissions from coal burning.
Copper in stormwater runoff can have a concentration range of 0.00006 to
1.41 mg/1. The means of the copper values range from 0.0065 to 0.15 mg/l. Some
concentrations from the literature search exceed Canada's aesthetic objective of
less than 1.0 mg/l, Alberta's objective of 0.02 mg/l, and the U.S.'s maximum
concentration level (MCLG) of 1.3 mg/1. Copper concentrations exceeded the
EPA's freshwater acute criteria (0.018 mg/1) and chronic criteria (0.012 mg/l)
by 47 and 82%, respectively, for all NURP samples. Copper was detected in 91 %
of the NURP Priority Pollutant Study samples.7•8•22 ·73 The NURP event mean
concentration (EMC) for Cu was 0.034 mg/1, with a 90th percentile value of
0.093 mg/1. 7 •8 Copper is mostly associated with dissolved solids in storm water. 92
It can also be associated with colloidal material. 63
Copper is the major aquatic toxic metal in storm water. The toxicity of copper
on aquatic life is between 0.017 (D. magna) and 10.24 mg/l at a hardness of
50 mg/l. 18 The NURP studies indicated that Cu is a serious threat to aquatic life in
the southeastern U.S. 7•8 The Burnaby B.C. test showed that a sample containing
9.2% of the copper solution was toxic to 50% of the D. pulex. 51 Cu is quickly
accumulated in both plants and animals.
Sources of Cu include the wear of tires and brake linings, 132 possible combustion of lubricating oils, 132 corrosion of building materials (e.g., roofs, pipes, etc.), 111
wear of bearings and. bushings and other moving parts in engines, 55 and metallurgical and other industrial emissions. 25 Copper is also used in fungicides and
pesticides. Is As with most heavy metals, the concentration of Cu usually shows a
correlation with the intensity of vehicular traffic. 25
Cyanide in stormwater runoff has been found at a concentration range of 0.002
to 0.033 mg/l. Drinking water criteria range from 0.05 to 0.2 mg/1. Cyanide
exceeds all aquatic guidelines (0.001 to 0.022 mg/l). It was detected in 23% of the
NURP Priority Pollutant Study samples. 7•8
Acute toxicity ranges from 0.0447 (rainbow trout) to 2.49 (invertebrates) mg/1.
Chronic toxicity for invertebrates was :2:0.0183 mg/l. Ultraviolet light and decreases in dissolved oxygen will increase cyanide toxicity. I 8
Sources of cyanide include industrial effluents (coke ovens, gas scrubbers,
metal cleaning, and electroplating), gold mill effluent, and chemical, biological,
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and clinical labs. Certain plants and microorganisms (snow mold fungus, bluegreen algae, etc.) produce some cyanide during decomposition and metabolization.
Fluoride in storm water runoff has been found at a concentration range of 0.1
to 0.2 mg/l. The drinking water quality for fluoride, for different jurisdictions,
ranges from 0.7 to 4.0 mg/I. There are no aquatic guidelines for fluoride. From the
limited data available, fluoride does not appear to be a problem in stormwater
runoff.
Fluoride is accumulated, and some biomagnification occurs in some aquatic
plants and animals. Accumulations with concentrations of up to 100 times normal
levels have been studied. 18 Fluoride toxicity is limited by the presence of calcium
and chloride in water. 18
Sources of fluoride include metallurgical effluents and wastes, chemical manufacturing (hydrofluoric acid, etc.), fertilizers, insecticides, herbicides, and the
addition of fluoride in drinking water.
Hydrogen sulfide has not been analyzed separately in storm water. It is formed
from the reduction of sulfates and sulfites, and the anaerobic decomposition of
sulfur-rich organic material. Canada has an aesthetics objective for sulfide, as H2 S,
of less than 0.05 mg/I. The U.S. has a chronic aquatic criteria for H2S of0.002 mg/I for
both freshwater and marine life.
Iron in stormwater runoff has been found at a concentration range of 0.08 to
440.0 mg/I. The means of the iron values range from 0.988 to 12.0 mg/l. Stormwater
sediment ranged from 1.4 to 128.0 mg/g. Drinking water criteria for iron from the
different jurisdictions range from 0.05 to 0.3 mg/l. Canada's aquatic guideline is
0.3 mg/l, and the U.S. freshwater chronic criteria is 1.0 mg/l. Iron is associated with
suspended solids. 61
The acute toxicity of iron ranges from 0.32 mg/l for mayfly to 16.0 mg/l for
other invertebrates. Fish toxicities are in the same range of values as the invertebrates. The addition of iron to lead, copper, and zinc reduced the overall toxicity
of synthetic storm water. 57
Sources of iron include the corrosion of vehicular bodies and other steel (guard
rails, stabilized sla,g for grade material, etc.), 55 burning of coke and coal, iron/steel
industry emissions, and landfill leachate.18
Lead by far has been identified as the most important contaminant of concern
in stormwater research. In the NURP studies, lead concentrations violated drinking
water quality guidelines in 73% of the samples taken and was detected in 94% of
the NURP Priority Pollutant Study samples. 7 •8•22•73 The literature concentration
minimum and maximum values are 0.00057 and 26.00 mg/l, respectively. The
means of the lead values from different reports range from 0.0209 to 1.558 mg/l.
The NURP EMC for Pb was 0.144 mg/I, with a 90th percentile value of 0.35 mg/l. 7•8
These values exceed all the drinking water guidelines and regulations of the
different jurisdictions (0.01 to 0.05 mg/l). The aquatic guidelines range from 0.001
(Canada, soft water) to 0.14 (U.S., marine acute) mg/l. In stormwater runoff, Pb is
mostly associated with suspended solids. 92 Higher values of lead occur with the
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runoff sediment than with storm water, causing added concern of toxic effects.
Lead tends to be absorbed by particles and forms carbonate precipitates. Changes
in pH can affect its speciation.
Acute toxicity tests for lead have given 96-h LCs0 s between 1.17 and 1.47 mg/l,
depending on the hardness and alkalinity of the water. 26 A British Columbia study
created a synthetic storm water based on the worst case concentrations of Pb, Cu,
Zn, and Fe (4.14, 0.45, 3.2, and 30 mg/l, respectively) found in Burnaby Basin
storm water.57 A test solution containing 36% of the lead solution was toxic to 50%
of the D. pulex. Metal combinations of Pb-Cu and Pb-Zn created a synergistic toxic
response to the D. pulex. When iron was added to other metal combinations, there
was a reduction of the toxicity to D. pulex.57 Toxicity increased with decreased
pH.s 7 The chronic toxicity no-effect/effect range was from 0.0072 to 0.360 mg/I for
rainbow trout. 26 Lead is bioaccumulated in aquatic organisms, benthic bacteria,
plants, invertebrates, and fish.
The main source of lead is emissions from gasoline-powered vehicles (0.002
to 0.650 mg/1) 132 and gasoline additives (e.g., tetraethyl lead). 18 Tetraethyl lead is
discussed later in this paper. Lead is also used as a filler material in tires.ss Lead
emissions contaminate roadside soils and vegetation, street dust, roadside drainage, and the atmosphere.s 9 Lead is extracted from these reservoirs with every storm
event.
Magnesium in stormwater runoff has been found at a concentration range of
0.02 (snowmelt) to 304.2 mg/I. The means of the magnesium values range from 6.0
to 14.0 mg/I. Only the EEC has a maximum concentration of magnesium for
drinking water (50 mg/I). There are no aquatic life guidelines. All organisms and
plants need magnesium. Magnesium could be a minor problem in stormwater
runoff.
Natural sources of magnesium far outweigh human-derived sources. Anthropogenic sources include metal casting and other metal fabrication, textile, and
paper industries.
Manganese in stormwater runoff has been found at a concentration range of
0.007 to 3.80 mg/I. For the studies available, the means of the Mn values range
from 0.11 to 0.67 mg;/1. Manganese exceeds the drinking water criteria in all
jurisdictions (0.05 mg/I). There are no aquatic guidelines for Mn.
Sources of Mn include the wear of tires and brake pads, 132 steel manufacturing,
chemical manufacturing (paints, dyes, etc.), and fertilizers.
Mercury in stormwater runoff has been found at a concentration range of
0.00005 to 0.067 mg/I. This range exceeds the drinking water guidelines (0.001 to
0.002 mg/I.) as well as the aquatic guidelines (0.000012 to 0.0024 mg/I).
The acute toxicity ranges from 0.0022 (D. pulex) to 2.0 (Ephemerella subvaria)
mg/I for Hg 2+. The acute toxicity for rainbow trout was 0.024 mg/I for methylmercury. Chronic toxicity ranges from 0.00004 (D. magna) to 0.00052 (brook
trout) mg/I for methylmercury (most toxic). 18
Sources of mercury include emissions from the chlor-alkali industry, coal
combustion, paint industry, and dental amalgam.
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Nickel in stormwater runoff has been found at a concentration range of 0.001
to 49.0 mg/1. For the studies available, the range of the means for nickel was 0.006
to 0.15 mg/1. The maximum allowable concentration for drinking water ranges
from 0.05 to 0.1 mg/1. Levels of Ni in storm water may exceed Canadian aquatic
life guidelines (0.025 to 0.15 mg/l) and U.S. freshwater chronic and marine acute/
chronic criteria (0.16, 0.075, and 0.0083 mg/l, respectively). It was detected in 43%
of the NURP Priority Pollutant Study samples. 7 •8 Nickel is associated predominantly with suspended solids and organic matter. 18•25
Nickel is more toxic in softer water. 18 The acute toxicity ranges from 0.024 mg/l
for rainbow trout eggs to 35 .5 mg/l for Salmo gairdner in soft water. Chronic
toxicity ranges from 0.0148 mg/I for D. magna to 0.53 mg/l for fathead minnows
in hard water.
Sources of Ni include corrosion of welded metal plating, 132 wear of bearings
and bushings and other moving parts in engines, 55 electroplating and alloy manufacturing, and food production. 18
Nitrogen in storm water comes in many forms. Table 1 lists the forms of
nitrogen that have been studied in storm water and their respective detectable storm
water ranges.
Alberta has a surface water quality objective of 1.0 mg/l for total nitrogen.
There are no drinking water or aquatic guidelines based on total nitrogen.
The drinking water quality guidelines for nitrate range from 44 (10.0 mg N0 3N/l, U.S. and World Health Organization, WHO) to 50.0 (EEC) mg/l. There are no
nitrate aquatic guidelines other than a comment in the Canadian guidelines that
"concentrations that stimulate prolific weed growth should be avoided" .18 Nitrate
is an important nutrient for plants. The acute toxicity for fish ranges as low as 5 mg/
1 (steelhead eggs) to 6000 mg/I (rainbow trout fingerling). 18
The drinking water quality guidelines for nitrite range from 0.1 (EEC) to 1.0
(U.S.) mg/I. The Canadian Freshwater Aquatic Guidelines set a limit of 0.06 mg/l
nitrite in water. The acute toxicity for nitrite ranges as low as 0.19 (rainbow trout)
to 140.0 (largemouth bass) mg/1. 18

TABLE 1
Nitrogen Forms and Concentrations in
Stormwater
Form of nitrogen

Stormwater range (mg/I)
0.32
0.09
0.32
0.01
0.02
0.01
0.32

Total nitrogen
Inorganic nitrogen
Organic nitrogen
Nitrate
Nitrite
Ammonia
Total Kjeldahl nitrogen
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16.00
5.44
16.00
12.00
1.49
4.30
16.00

The EEC has set a drinking water quality maximum concentration for ammonium of 0.5 mg/1. The aquatic guidelines for ammonia are based on temperature
and pH (0.08 to 2.5 mg/l). Ammonia is very toxic to aquatic organisms. Acute
toxicity ranges from as low as 0.083 (salmonids) to 1.1 (rainbow trout) mg/l. 1s
Chronic toxicity occurred as low as 0.0017 (pink salmon) mg/l.
Sources of nitrogen forms in storm water include fertilizers, industrial cleaning
operations, feed lots, animal excrement, and the combustion of fossil fuels.
Total phosphorus in storm water has been found at a concentration range of
0.01 to 7.30 mg/l. The means of total phosphorus values range from 0.015 to 0.82
mg/l. Soluble phosphorus in storm water has been found at a concentration range
of 0.0381 to 3.52 mg/l, and particulate phosphorus in storm water at a concentration range of 0.014 to 2.850 mg/l. Alberta has a surface water quality objective of
0.15 mg/l for total phosphorus. The EEC has set a drinking water quality maximum
concentration for phosphorus (P 20 5) of 5.0 mg/1. The U.S. has a marine aquatic
chronic criteria of 0.0001 mg/l.
Sources of phosphorus in storm water include tree leaves, 31 fertilizers, industrial wastes (chemical, food, and building material), detergents, and lubricants. 1s
Potassium in stormwater runoff has been found at a concentration range of
0.01 (snowmelt) to 34.0 mg/l. Only the EEC has a maximum concentration for
drinking water of 12.0 mg/l for potassium. There are no aquatic quality guidelines
for potassium, which is a minor problem in stormwater runoff.
Anthropogenic sources include the manufacturing of fertilizers, insecticides,
synthetic rubber, soap, detergents, and photographic film. 1s
Selenium in stormwater runoff has been found at a concentration range of
0.0005 to 0.077 mg/1. The range of selenium exceeds drinking water quality
(0.01 mg/l) in all jurisdictions. Canada's aquatic guideline is 0.001 mg/l, and the
U.S. aquatic guidelines range from 0.035 (freshwater chronic) to 0.41 (marine
acute) mg/l. It was detected in 11 % of the NURP Priority Pollutant Study samples,
7 .s and is associated predominantly with dissolved solids. 25
The acute toxicity for selenium is in the range of 0.340 (Hyallela azteca) to
28.5 (bluegill) mg11. 1s Chronic toxicity ranges from 0.028 (trout) to 0.130 (rainbow
trout) mg11. 1s
Sources of selenium include effluents from copper and lead refineries and
emissions from burning coal. is
Silver in stormwater runoff has been found at a concentration range of 0.0002
to 0.014 mg/l. The EEC has a maximum concentration of silver in drinking water
of 0.01 mg/1. Silver exceeds the aquatic guidelines, which range from 0.0001
(Canada) to 0.0041 (U.S. freshwater acute criteria) mg/l.
Silver is very toxic to aquatic life, especially silver nitrate, silver iodide, and
free silver ion. Toxicity increases with a decrease in hardness. The acute toxicity
minimum values are 0.00025 (D. magna) and 0.0039 (fathead minnow) mg/l.
Plants are usually more resistant to silver than animals.
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Sources of silver in storm water could include the photographic industry
effluents, fungicides, dental, medical and electrical wastes, coal combustion, and
oil refining. It is also used in seeding clouds to encourage precipitation .
Sodium in stormwater runoff has been found at a concentration range of 0.18
(snowmelt) to 660 mg/I. Drinking water quality maximum concentrations range
from 30 to 200 mg/l. There are no aquatic guidelines for sodium. Sodium could be
a minor problem in stormwater runoff.
Sources of sodium include sodium chloride for deicing purposes, food processing, water-softening devices, chemical manufacturing, and pulp and paper industries.
Sulfate in storm water has been found at a concentration range of 0.06 (rain)
to 1252 mg/I. Canada has an aesthetics objective of less than 500 mg/I for drinking
water, while Europe has a maximum concentration of 500.0 mg/I. No aquatic life
guidelines are available specifically for sulfate.
The main source of sulfate is the emission from combustion of fossil fuels and
subsequent atmospheric deposition by precipitation (acid rain). Sulfate sources
also include fertilizers and effluents from chemical manufacturing.
Thallium in stormwater runoff has been found at a concentration range of
0.001 to 0.014 mg/I. The U.S . has a maximum drinking water concentration level
of 0.002 mg/land a goal of 0.0005 mg/I. The U.S. aquatic guidelines range from
0.040 (freshwater chronic criteria) to 2.13 (marine acute criteria) mg/l.
The acute toxicity minimum value for D. magna and the fathead minnow was
0.91 mg/l, and the chronic toxicity minimum value for these two species was
0.057 mg/I. Algae are also very sensitive to thallium. 18
Sources of thallium include alloy manufacturing and catalysts, dyes, and
pigments.
Vanadium in stormwater runoff has been found at a concentration range of
0.0072 to 0.0085 mg/I. There are no drinking water quality or aquatic life guidelines pertaining to vanadium. Its concentration in fresh water ranges from 0.0003
to 0.200 mg/1. 18 Vanadium does not appear to be a problem in stormwater runoff.
Sources of vaipdium include the combustion of fossil fuels, steel industry
emissions, dyes, inks, and paints.
Zinc in stormwater runoff can have a concentration range of 0.0007 to 22.0 mg/I. For
the studies available, the means of the zinc values range from 0.0166 to 0.58 mg/I. Some
of the reported concentrations exceeded Canada's aesthetic objective of less than
5.0 mg/I and the EEC's maximum allowable concentration (MAC) of 0.1 mg/I. Zinc
concentrations exceeded the EPA' s freshwater chronic criteria (0.110 mg/I) in 77% of
all NURP samples. It was detected in 94% of the NURP Priority Pollutant Study
samples. 7•8•22•73 The NURP EMC for Zn was 0.16 mg/l, with a 90th percentile value
of 0.50 mg/1. 7•8 In stormwater runoff, Zn is mostly associated with dissolved
solids, 92 although it will adsorb to suspended sediment and especially colloidal
particles.
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The acute toxicity of zinc is affected by the hardness and pH of the water,
whereas chronic toxicity is affected by pH. 18 The Burnaby B.C. test showed that
a test solution containing 6.4% of the copper solution was toxic to 50% of the
D. pulex.57 Zinc does not pose as much of a threat to aquatic life as copper or lead,
but negative impacts can occur at high concentration or in soft water conditions. 8
Zinc bioaccumulates easily in plants and animals. 18
Sources of Zn include wear from tires (filler material), brake pads,25•55· 132
possible combustion of lubricating oils (stabilizing oil additive)55 · 132 corrosion of
building materials (e.g., roofs, etc.), 37 •111 and corrosion of metal objects (e.g.,
galvanized steel, etc.).
Other chemical parameters that have been identified in storm water are listed
below.
Alkalinity in storm water has a range of 8 to 1273 mg/las CaC03 • The means
of the value range from 46 to 56 mg/l as CaC03 • The U.S. freshwater chronic
aquatic criteria for alkalinity is 20 mg/l as CaC03 . Increases in pH, alkalinity, and
hardness decrease the toxicity of metals.26·57
Biochemical oxygen demand (BOD5 ) has a range in storm water of 1.0 to
7700 mg/l. The means of BOD5 values range from 9 to 31 mg/l. Storm water at
times can approach weak, untreated wastewater with respect to BOD5 •7 •8 Typical
BOD5 values of untreated domestic wastewater range from 110 (weak) to 400
(strong) mg/l. 124
Chemical oxygen demand (COD) has a range in storm water of 7.0 to 2200 mg/l.
The means of COD values range from 7 to 224 mg/I. Average storm water can be
similar to weak-strength, untreated wastewater and at times can approach mediumstrength wastewater with respect to COD. Typical COD values of untreated domestic
wastewater are 250 (weak), 500 (medium), and 1000 (strong) mg/l. 124
Dissolved oxygen in storm water can have a range of concentrations from 0.0
to 14.0 mg/l. Alberta has a surface water quality objective of 25 .0 mg/l. The
freshwater aquatic guidelines for Canada range from 5.0 mg/l for warm water biota
to 9.5 mg/l for cold-water biota in the early stages of life. Acute mortality occurs
between 3.0 mg/l for most stages of salmonid development to 6.0 mg/l for the
embryo larva salmonia stage of development.
Dissolved oxygen tends to fluctuate greatly on a daily basis, in dry weather
flow. 74 During a storm event, the minimum dissolved oxygen concentration tends
to drop 1.0 to 1.5 mg/I below the dry weather flow minimum value. The dissolved
oxygen can stay that way for up to 5 d before returning to the cyclic dry weather
flow pattern. There is a good correlation between the flow and dissolved oxygen
values for storm water. 74
The main sources of dissolved oxygen deficiency are the decomposition of
organic material and the oxidation of some inorganic compounds. 18
Hardness in storm water has a range of 12 to 1100 mg/I as CaC0 3 . Hardness
is important in storm water in that it can affect the toxicity of heavy metals in the
system. In general, average storm water is moderately hard to very hard.
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The pH in storm water varies with the amount of local sulfur dioxide and
nitrogen oxide emissions. 99 A precipitation pH range of 3 to 6 is common. 50 -58·99
The stormwater pH range is between 4.5 and 8.7. 55 The Canadian drinking water
quality aesthetic objective for pH is between 6.5 and 8.5. The Canadian freshwater
aquatic life guidelines has an acceptable pH range of 6.5 to 9.0. There could be a
problem with aquatic life at the lower limit of storm water pH.

C. Organic Chemical Contaminants
The largest analysis of organic chemicals in storm water was the NURP, which
looked for 106 organics. Of that number, 63 were identified in the storm water of
the participating cities. Only bis(2-ethylhexl)phthalate and a-hexachlorocyclohexane
(a-BHC) were detected in over 20% of the samples. Human carcinogen organics
that exceeded the water quality criteria included a-BHC, y-hexachlorocyclohexane
(y-BHC or Lindane), chlordane, phenanthrene, pyrene, and chrysene. Other organics that were identified as being a concern to aquatic life include pentachlorophenol
and a-endosulfan. Freshwater aquatic life are not generally impacted by organic
priority pollutants. 7·8 Many of the organic contaminants are associated with suspended solids. Additional information concerning biodegradation and log octanol/
water partition coefficient (K0 w) 18 is provided for some of the organic chemicals to
help predict their form and fate in the environment.

1. Polychlorinated Biphenyl
Polychlorinated biphenyl (PCB) data in storm water are limited. The range of
concentration of total PCB in storm water is 0.0000269 to 0.00112 mg/l. The
NURP Priority Pollutants study only detected PCB-1260 (0.00003 mg/l).22 Sediment in a Florida lagoon fed by storm water and municipal wastewater outfalls
detected Aroclor-12~54 (::;0.000570 mg/g). The U.S. drinking water regulations set
a MCLG for total PCB at 0.0005 mg/l. Canada has set an aquatic maximum
concentration of 0.000001 mg/l, while the U.S. levels range from 0.000014 (freshwater chronic) to 0.01 (marine acute) mg/l.
There are 209 possible combinations of chlorinated biphenyl. PCBs are slightly
soluble in water, decreasing in solubility with added chlorines. PCBs adsorb to
sediments easily. The log (Kaw) values range from 3.76 to 8.26. PCB's resistance
to biodegradation varies widely, depending on the number of chlorine atoms
present.
Acute toxicity varies with the particular compound. Some general values range
from 0.002 (rainbow trout fry) to 0.4 (damselfly) mg/l. Chronic toxicity ranges
from 0.0002 to 0.015 mg/l. Fathead minnows were affected at 0.001 mg/l. Aroclor1254 PCBs are very lipophilic, and hence bioconcentrate to high levels in tissue.
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Sources of PCBs include leaching of lubricants, hydraulic fluids, landfills, and
old transformer fluids.

2. Polycyclic Aromatic Hydrocarbons
Many of the polycyclic aromatic hydrocarbons (PAHs) were detected in the
NURP Priority Pollutant Study. Fluoranthene, naphthalene, phenanthrene, and
pyrene were all detected in 10 to 12% of the samples. 22•73 High-molecular-weight
PAHs have very low water solubility and are easily sorbed onto suspended and bed
sediment or aquatic biota. Low-molecular-weight PAHs volatilize and also have
low water solubilities. The Kaw for PAHs ranges from 3.77 (naphthalene) to 7.66
(indeno(l ,2,3-c,d)pyrene) and higher. 18 Table 2 lists the PAHs detectable in storm
water and their range of concentrations from the literature search.
The EEC has a drinking water maximum concentration of total PAH of 0.0002
mg/I. The U.S. marine acute criteria maximum concentration for total PAH is 0.30
mg/l. The U.S., Canada, and WHO have drinking water maximum concentrations
for benzo(a)pyrene of 0.00001 to 0.0002 mg/I. Fluoranthene has U.S. aquatic
regulation values between 0.016 (marine chronic) and 3.96 (freshwater acute) mg/l.
Naphthalene has U.S. aquatic regulation values between 0.620 (freshwater chronic)
and 2.350 (marine acute) mg/I. Acenapthene has U.S. aquatic regulation values
TABLE 2
Polycyclic Aromatic Hydrocarbons in Stormwater
Polycyclic aromatic
hydrocarbons

Range of values or mean and
standard deviation (mg/I)
0.000009 - 0.01
0.0000003 ...:. 0.01
0.0000034 - 0.0019
0.0000012 - 0.01
0.0000024 - 0.0015
0.0000025 - 0.01
0.0004 - 0.000609
0.0000038 - 0.01
0.0000006 - 0.0009
0.00003 - 0.056
0.000096 - 0.001
0.00031 - 0.0005
0.0029 ± 0.0034
0.00001 - 0.0016
0.001 ± 0.0014
0.000036 - 0.0023
0.00005 ± 0.0005
0.000045 - 0.01
0.000045 - 0.01
0.00024 - 0.013

Anthracene
Benzo( a)anthracene
Benzo(b)fluoranthene
Benzo(k)fluoranthene
Benzo(g,h,i)perylene
Benzo( a)pyrene
Benzo( e)pyrene
Chrysene
Dibenzo( a, h}anthracene
Fluoranthene
Fluorene
lndeno(1,2,3-c,a)pyrene
Methylphenanthrenes
2-Methylanthracene
9, 10-Dimethylanthracene
Naphthalene
Perylene
Phenanthrene
Pyrene
Total PAH
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between 0.520 (freshwater chronic) and 1.700 (freshwater acute) mg/I, but it was
not detected in stormwater samples. No guidelines are set for other specific PAHs.
The small amount of data indicates that PAHs are a concern in storm water.
The acute toxicity forfluoranthene ranges from 3.98 (bluegill) to 325 (D. magna)
mg/1. Other PAHs are not considered highly toxic. The phenanthrene LC50 for
largemouth bass is 0.04 to 0.18 mg/1. 18
The main source of PAHs is incomplete combustion of organic material,
including gasolines, coal, and refuse. Another source of PAHs is leaching of
creosoted wood products.

3. Halogenated Aliphatics
Halogenated aliphatics in storm water have only been examined by the NURP
Priority Pollutants study.22.13

a. Halogenated Methanes
Dichloromethane (methylene chloride) had a storm water range of 0.005 to
0.0145 mg/I. Drinking water regulations for dichloromethane range from 0.005 to
0.05 mg/l. There are no aquatic regulations for the chemical. The log Kow for
dichloromethane is 1.25. There may be a drinking water concern in stormwater
runoff.
Tetrachloromethane (carbon tetrachloride) in storm water has been found at a
concentration range of 0.001 to 0.002 mg/I. Different jurisdictions have set maximum concentrations for carbon tetrachloride in drinking water of 0.003 to 0.005 mg/I.
The U.S. acute aquatic maximum levels are 35.2 (fresh water) and 50.0 (marine)
mg/I. The log Kow is 2.64. Carbon tetrachloride does not appear to be a problem
in stormwater runoff, given the limited data available. Sources include industrial
solvents, fire-retardant chemicals, fumigants, and aerosols. Most of the halogenated methanes have no concentration regulations for drinking or aquatic quality.

b. Trihalomethane
Trichloromethane (chloroform) is the only trihalomethane with regulations. It
has been found to have a concentration range of 0.0002 to 0.012 mg/I, in storm
water. The WHO has set a maximum limit of 0.03 mg/I for drinking water. U.S.
freshwater aquatic levels range from 1.25 (chronic) to 28.9 (acute) mg/I. The log
Kowis 1.97.18 Chloroform does not appear to be a problem in stormwater runoff,
given the limited data available. Sources may include solvents, aerosols, and the
reaction of chlorine with organic chemicals. Both Canada and the U.S. have a
maximum drinking water concentration of 0.1 to 0.35 mg/I for total
trihalomethanes, which is higher than all trihalomethanes sampled in the NURP
study.
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c. Chlorinated Ethanes
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Most of the chlorinated ethanes are regulated. 1,2-Dichloroethane in storm
water has been found up to a concentration of 0.004 mg/I. The maximum drinking
water quality range is 0.005 to 0.01 mg/I. Aquatic guidelines range from 20.0 to
118.0 mg/I. The log Kaw for 1,2-dichloroethane is 1.48. There does not appear to
be a problem with 1,2-dichloroethane in stormwater runoff, given the limited data
available.
1,1,1-Trichloroethane in storm water has been found at a concentration range
of 0.0016 to 0.01 mg/I. The U.S. drinking water maximum concentration is
0.2 mg/I. The U.S. marine acute criteria for 1,1, 1-trichloroethane is 31.2 mg/I. The
log Kaw is 2.17. From the limited data available, 1,1,1-trichloroethane does not
appear to be a problem in stormwater runoff.
1,1,2-Trichloroethane in storm water has been found at a concentration range
of 0.002 to 0.003 mg/I. The U.S. freshwater aquatic chronic criteria limit is
9 .4 mg/I. The log Kaw is 2.17. 1, 1,2-Trichloroethane appears not to be a problem
in stormwater runoff, given the limited data available.
1,1,2 ,2-Tetrachloroethane in storm water has been found at a concentration
range of 0.002 to 0.003 mg/I. The U.S. aquatic guidelines range from 2.4 (freshwater chronic) to 9.02 (marine acute) mg/I. The log Kaw is 2.56. 1,1,2,2Tetrachloroethane also appears not to be a problem in stormwater runoff, given the
limited data available.

d. Chlorinated Ethylenes
Chlorinated ethylenes were detected in storm water (except vinyl chloride).
1,1 -Dichloroethylene was found to have a concentration range of 0.0015 to
0.004 mg/I in storm water. Drinking water maximum concentrations for 1,1dichloroethylene are 0.0003 to 0.007 mg/I. Acute aquatic life maximum concentrations are 11.6 (fresh water) and 224.0 (marine) mg/I. 1,1-Dichloroethylene has
a log K0 w of 1.48. From the limited data available, there does not appear to be a
problem with 1, 1-dichloroethy lene in stormwater runoff.
1,2-Trans-dichloroethylene has been found at a concentration range of 0.001
to 0.003 mg/l in storm water. The U.S. drinking water maximum concentration is
0.1 mg/1. No aquatic guidelines are available. 1,2-Trans-dichloroethylene does not
appear to be a problem in stormwater runoff, given the limited data available.
1,1,1-Trichloroethylene can have a range of 0.0003 to 0.01 mg/I in storm
water. The U.S. drinking water maximum concentration is 0.2 mg/I. The U.S.
marine aquatic maximum concentration is 31.2 mg/I. The log Kaw of 1, 1, 1trichloroethylene is 2.29 .18 1, 1, 1-Trichloroethylene also does not appear to be a
problem in stormwater runoff.
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Tetrachloroethylene can have a range of 0.0045 to 0.043 mg/l in storm water.
Drinking water maximum concentrations range from 0.005 to 0.01 mg/l. Aquatic
guidelines range from 0.26 (Canadian) to 10.2 (U.S. acute marine) mg/1. The log Kow
of tetrachloroethylene is 2.88. 18 There is a possibility that tetrachloroethylene could
exceed drinking water standards from time to time. Sources of tetrachloroethylene
include solvents for dry-cleaning and metal industry degreasing solvent.
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e. Chlorinated Propane and Propene
1,2-Dichloropropane can have a concentration of 0.003 mg/l. The U.S. drinking water maximum concentration is 0.005 mg/l. U.S. aquatic guidelines range
from 3.04 (marine chronic) to 23.0 (freshwater acute) mg/I. The log Kow for 1,2dichloropropane is 2.28. Based on the limited data available, 1,2-dichloropropane
does not appear to be a problem in stormwater runoff.
1,3-Dichloropropene can have a concentration range in storm water of 0.001
to 0.002 mg/I. The U.S. aquatic guidelines range from 0.244 (freshwater chronic)
to 6.06 (freshwater acute) mg/l. The log Kow for 1,3-dichloropropene is 1.98. From
the limited data available, 1,3-dichloropropene does not appear to be a problem in
stormwater runoff.

4. Halogenated Ethers
Halogenated ethers have only been studied in the NURP Priority Pollutant
study. This study did not detect any ethers. Sources include the discharges from
textile and organic chemical manufacturing and pesticide manufacturing. Most
ethers are water soluble. The log Kowranges from-0.38 (bis(chloromethyl)ether)
to 4.08 (4-chlorophenylphenylether). Aquatic guidelines for total halogenated
ethers range from 0.122 (U.S. freshwater acute) to 0.360 (Canadian) mg/l. There
are no drinking water quality guidelines for haloethers. They do not appear to be
a problem in stormwater runoff, based on the very limited data available.

5. Monocyclic aromatics
a. Benzene
Benzene in storm water has been found at a concentration range of 0.0035 to
0.013 mg/I. Benzene in stormwater sediment from Love Canal, NY, ranged up to
0.000232 mg/g. 130 The drinking water quality for benzene is between 0.005 and
0.01 mg/I. The aquatic guidelines range from 0.3 (Canada) to 5.3 (U.S. freshwater
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acute) mg/I. The log Kaw for benzene varies between 1.95 and 2.13 and is volatile.
The lowest acute toxicity test on fish is 5.3 (rainbow trout) mg/I. The acute toxicity
on two types of Daphnia was 300 to 380 mg/l. 18 Sources of benzene in storm water
may include spills and combustion of fuels (especially from motor vehicles), and
petrochemical and chemical manufacturing emissions. The limited data imply that
benzene may be a small concern in storm water.

b. Chlorinated Benzenes
Chlorobenzene (monochlorobenzene) in storm water has been found at a
concentration range of 0.001to0.01 mg/I. There are no drinking water guidelines,
but aquatic guidelines range from 0.015 (Canada) to 0.25 (U.S. freshwater acute)
mg/I. The log Kaw for chlorobenzene is 2.84. Chlorobenzene is the least toxic
chlorinated benzene. Minimum acute toxicity data range from 4.7 mg/I (rainbow
trout) upward. Sources include the manufacturing of nitrochlorobenzenes and
waste from industrial solvents. It appears that chlorobenzene is not a concern in
storm water, given the limited data available.
Other chlorinated benzenes were not detected in the NURP Priority Pollutant
study. The drinking water and aquatic life regulations vary for the different
chlorinated benzenes. Toxicity increases with an increase of chlorination.
Dichlorobenzene's lowest acute toxicity is 1.58 (rainbow trout) mg/I. Pentachlorobenzene is the most toxic form and has an acute toxicity LC50 of 0.258
(rainbow trout) mg/I. The bioconcentration increases with the increase in chlorination of the benzene. 18
Sources include chemical manufacturing, herbicide and pesticide manufacturing, dyes, and solvent/degreasing agents. 18 Chlorinated benzenes could be a problem in storm water.

c. Other Benzenes
Ethylbenzene in storm water has been found at a concentration range of 0.001
to 0.002 mg/I. It has an aesthetic drinking water objective of less than 0.0024 mg/I
and a maximum U.S. drinking water concentration level of 0. 7 mg/I. U.S. aquatic
guidelines range from 0.43 (marine acute) to 32.0 (freshwater acute) mg/I. Acute
toxicity for rainbow trout occurs at 14.0 mg/I. The NOAEL for fathead minnows
was 0.44 mg/I. No chronic toxicity data are available. Sources include chemical
(styrene) manufacturing, solvents, and constituents of asphalt and naphtha gas. The
Kaw for ethylbenzene is 3.15. According to the very limited data available,
ethylbenzene is probably not a problem in storm water.
Nitrobenzene was not detected in the NURP Priority Pollutant study. U.S.
aquatic regulations range from 6.68 (marine acute) to 27.0 (freshwater acute) mg/I.
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The log K0 w for nitrobenzene is between 1.85 and 1.88. Sources include photographic chemicals, petrochemical manufacturing, and metal polishing. 18 Nitrobenzene does not appear to be a problem in stormwater runoff, based on the data
available.

d. Toluene Compounds

Toluene in storm water has been found at a concentration range of 0.009 to
0.012 mg/I. Stormwater sediment from Love Canal, NY, ranged up to
0.00505 mg/g. 130 Toluene has a Canadian aesthetic drinking water objective of less
than 0.024 mg/l and a U.S. maximum drinking water concentration of 1.0 mg/I.
The aquatic guidelines range from 0.3 (Canada) to 17 .5 (U.S. freshwater acute)
mg/I. Acute toxicity concentrations range from 5.46 (coho salmon) to 240.0
(channal catfish) mg/l. Chronic toxicity concentrations can be below 4.3 mg/I for
invertebrates. The log Kaw for toluene is 2.69. Sources include chemical and
petrochemical manufacturing, pesticides, and solvents for paints, inks, and rubber
cement. Toluene does not appear to be a problem in stormwater runoff, based on
the data available.
2 ,4-Dinitrotoluene and 2 ,6-dinitrotoluene were not detected in the NURP
stormwater studies. Total dinitrotoluene has U.S. aquatic criteria of between
0.230 (freshwater chronic) to 0.590 (marine acute) mg/I. The acute toxicity for
2,4-dinitrotoluene ranges from 31.0 to 35.0 mg/I for both fish and invertebrates. The log Kaw for the two compounds is 2.01 (2,4-dinitrotoluene) and
2.05 (2,6-dinitrotoluene). Sources include discharges from manufacturers of
polyurethanes, explosives, and dyes. Neither compound appears to be a problem in storm water.

6. Phenols and Cresols

.

The NURP Priority Pollutant study was the only research on phenols in storm
water. Phenol in storm water has been found at a concentration range of 0.003 to
0.010 mg/I. The EEC has a maximum allowable total phenol level for drinking
water of 0.0005 mg/I. Alberta's surface objective is 0.005 mg/l. The Canadian
aquatic guidelines has a limit of 0.001 mg/I for total phenols, whereas the U.S. has
a range of 2.56 (freshwater chronic) to 10.2 (freshwater acute) mg/1. The lowest
acute toxicity of phenol in 96-h LC 50 tests was 24 mg/I for female fathead minnows. Chronic toxicity tests for phenol were as low as 0.12 mg/l for rainbow trout.
The log Kaw for phenol is 1.46. Sources of phenol include industrial effluents from
manufacturing organic chemicals, resins, dyes, and preservatives, phenolic pesticides, and animal and human wastes. Phenol may be a problem in storm water, but
it is difficult to predict to what degree from the limited data.
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2-Chlorophenol had a concentration in storm water of 0.002 mg/l in the NURP
study. U.S. aquatic guidelines range from 2.0 mg/l for 2-chlorophenol freshwater
chronic to 29.7 mg/l for 4-chlorophenol marine acute. The Canadian freshwater
aquatic guideline for total chlorophenol (monochlorophenol) is 0.007 mg/l. The
Canadian low value is based on the argument that chlorinated phenols taint edible
fish at concentrations below fish toxicity levels. Fish acute toxicity concentrations
range from 2.1 mg/I for rainbow trout to 20.17 mg/I. D. magna had a 48-h LC50
concentration of 2.6 mg/l. A NOAEL toxicity test on fathead minnows was done
at 3.9 mg/I 2-chlorophenol. The log K0 w for 2-chlorophenol is 2.19. 18 Other forms
of monochlorophenols (3-chlorophenol and 4-chlorophenol) have no toxicity data
and have not been researched. Sources of 2-chlorophenol include leaching of
agricultural products, discharges from wood preservative plants, and pulp mill
effluents. Other than tainted fish meat, 2-chlorophenol does not appear to be a
problem in sto1m water.
2 ,4-Dichlorophenol and 2 ,4 ,6-trichlorophenol were not detected in storm water.
The Canadian drinking water guideline maximum concentration for 2,4dichlorophenol is 0.9 mg/land for 2,4,6-trichlorophenol is 0.005 mg/I. The Canadian drinking water aesthetic objective for 2,4-dichlorophenol is 0.0003 mg/I and
for 2,4,6-trichlorophenol is 0.002 mg/l. The aquatic guidelines for 2,4-dichlorophenol
range from 0.0002 (Canada) to 2.02 (U.S. freshwater acute) mg/l and for 2,4,6trichlorophenol from 0.018 (Canada) to 0.97 (U.S. freshwater chronic) mg/l. The
acute toxicity of 2,4-dichlorophenol ranges from 1.5 (goldfish) to 8.3 (fathead
minnows) mg/I. The chronic toxicity concentration of 2,4-dichlorophenol for
fathead minnows was 0.365 mg/l and for 2,4,6-trichlorophenol was 0.720 mg/l.
The log Kow for 2,4-dichlorophenol is 2.75 and for 2,4,6-trichlorophenol is 3.38.
There are little or no data on other forms of dichlorophenol and trichlorophenol.
This group of chlorinated phenols does not appear to be a problem in storm water.
Pentachlorophenol in storm water has a range of 0.001 to 0.115 mg/1. The
drinking water guidelines range from 0.001 (U.S.) to 0.01 (WHO) mg/1. The
aquatic guidelines also vary from 0.0005 (Canada) to 0.020 (U.S. freshwater acute)
mg/l. Acute toxicity concentrations vary from 0.020 (bluegill) to 0.600 (fathead
minnow) mg/I. Toxicity increases with acidity and possibly higher temperatures.
Chronic toxicity concentrations range from 0.057 (fathead minnow) to 0.240
(D . magna) mg/1. The log K0 w for pentachlorophenol is 5.01. Pentachlorophenol
may contain trace amounts of dioxins and furans as impurities, which make it a
more dangerous contaminant. Sources of pentachlorophenol include discharges
from wood preservative plants and decomposition of wood preservative products.
Pentachlorophenol was detected in 15% of the NURP Priority Pollutant study
samples. It appears that pentachlorophenol is a possible problem in storm water.
4-Nitrophenol has a range of 0.001to0.019 mg/l in storm water. It was found
in 9% of the NURP Priority Pollutant study samples. Other forms of nitrophenols,
including 2-nitrophenol and 2,4-dinitrophenol, were not detected in stormwater
studies. Total nitrophenols have U.S. aquatic guidelines that range between 0.150
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(freshwater chronic) and 4.850 (marine acute) mg/I. Limited toxicity data are
available for all nitrophenols. The most toxic form is 2,4-dinitro-6-methylphenol,
which has an acute toxicity that ranges upward from 0.230 mg/l for bluegill. The
log K0 w for 4-nitrophenol is 7.15. 4-Nitrophenol will strongly adsorb to montmorillonite clay particles and can degrade by photolysis in a 2-month period.18
Sources include wood preservatives, pesticides and discharges from the manufacturing of dyes, rubber chemicals and photographic chemicals. Based on the limited
data available, nitrophenols do not appear to be a problem in storm water.
2 ,4-Dimethylphenol (2,4-xylenol) can have a concentration level of 0.010 mg/l
in storm water. 2-4-Dimethylphenol has a U.S. freshwater acute criteria concentration of 2.12 mg/l. Acute toxicity 96-h LC50 tests range from 2.12 (D. magna) to
17.0 (fathead minnows) mg/l. The log Kow for 2-4-dimethylphenol is 2.50, and it
has a high water solubility. 18 It appears that 2-4-dimethylphenol is not a problem
in storm water.
P-Chloro-m-cresol can have a concentration level of 0.0015 mg/l in storm
water. 4,6-Dinitro-o-cresol was not detected in storm water. Cresols do not have
separate guideline limits but fall into the total phenol category in several of the
jurisdiction's guidelines. Total phenols have a EEC maximum allowable level for
drinking water of 0.0005 mg/l. Alberta's surface objective is 0.005 mg/l. The
Canadian aquatic guidelines have a limit of 0.001 mg/l. The U.S. aquatic guidelines appear to be for phenol itself. Toxicity testing has been done with o-cresol on
rainbow trout. The acute 24-h LC50 concentration level was 2.0 mg/l. The main
anthropogenic is the degradation of wood preservatives and discharges from
preservative manufacturing. Cresols may be a problem in storm water.

7. Phthalate Esters
The NURP Priority Pollutant program is the only study to examine the phthalate esters. Dimethyl phthalate (DMP) has not been detected in storm water. There
are no guidelines for dimethyl phthalate but there are for total phthalate esters.
Aquatic guidelines ~ange from 0.0002 (Canadian fresh water) to 2.944 (U.S.
marine acute) mg/l for total phthalate esters. The lowest concentration of total
phthalate esters for acute toxicity was 0. 730 mg/l for bluegill (Lepomis macrochirus).
Phthalate esters generally have a low solubility but can be transmitted in water by
the complexation of humic and fulvic acid and sorption to particulate matter. 18 The
log Kow for dimethyl phthalate is 1.5.
Diethyl phthalate (DEP) has a range of 0.002 to 0.010 mg/l in storm water.
There are no guidelines for diethyl phthalate concentrations, so the total phthalate
esters guidelines should be used. The log Kow for diethyl phthalate is 1.8.
Di-n-butyl phthalate (DBP) has a range of 0.0005 to 0.011 mg/l. DBP has a
Canadian freshwater aquatic guideline limit of 0.004 mg/l. The log octanol/water
partition coefficient is 2.2.
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Di-n-octyl phthalate (DnOP) in storm water has a range of0.0004 to 0.001 mg/I.
There are no guideline limits specifically for DnOP, so total phthalate ester limits
should be used. The log Kaw for di-n-octyl phthalate is 3.0 to 4.0.
Bis(2-ethylhexyl) phthalate (DEHP) has a range of 0.007 to 0.039 mg/I in
storm water. The U.S. drinking water maximum concentration for DEHP is
0.006 mg/I, and the Canadian freshwater guideline limit for DEHP is 0.0006 mg/I .
The NURP Priority Pollutant study identified DEHP in 22% of the samples. It was
the most commonly detected organic in the study. 7•8 The chronic toxicity of DEHP
was as low as 0.003 mg/I for D. magna. A NOAEL concentration in rainbow trout
fry was between 0.005 and 0.014 mg/I. The log Kaw for DEHP is 3.0 to 4.0.
Butylbenzyl phthalate (BBP) can have a concentration in storm water of
0.010 mg/I. There are no specific guidelines for BBP, so total phthalate ester limits
should be used. A chronic toxicity concentration as low as 0.220 mg/I has been
recorded for fish. Concentrations as low as 0.110 mg/I have been recorded for
Selenastrum capricornutum. Sources of phthalate esters include PVC manufacturing plants, textile and paper mills, landfills, and incinerators. Phthalate esters could
be problem contaminants in storm water, especially bis(2-ethylhexyl) phthalate.
8. Nitrosamines
The NURP Priority Pollutant program is the only study to examine the nitrosamine compounds. Unfortunately, all the compounds that were looked at were
either not detected or the standard methods were inappropriate or the maximum
holding time was exceeded for accurate analysis to be done. Therefore, no data are
available for any of the nitrosamine compounds. No drinking water guidelines are
available for these chemicals, but some of the compounds have aquatic regulations.
U.S. acute criteria for nitrosamines range from 5.85 (freshwater) to 3300 (marine)
mg/I. Benzidine has a U.S. freshwater acute concentration of 2.50 mg/I.
1,2-Diphenylhydrazine has a U.S. freshwater acute concentration of 0.270 mg/I.
Acrylonitrile has a U.S. freshwater regulation range between 2.60 (chronic)
and 7.55 (acute) mg/I. Sources of nitrosamine compounds include discharges from
fertilizer plants, sewage output, and feedlots. It is uncertain if nitrosamines pose a
problem in storm water, given the very limited data available.
9. Pesticides
Many organic compounds are used as pesticides (herbicides, fungicides, insecticides, and fumigants). Many other chemicals are used in the manufacture of the
pesticides. Some of the compounds include aromatic carboxylic acids, carbamate
compounds (e.g., Alicarb), chlorophenoxy compounds (e.g., 2,4-D), organochlorine compounds (e.g., Aldrin, BHC), organophosphorus compounds (e.g., Diazinon),
pyridinium compounds (e.g., Paraquat), triazine compounds (e.g., Atrazine), and
other compounds (e.g., Acrolein). Most of the main pesticides have drinking water
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and aquatic life guidelines/regulations. Unfortunately, most of the pesticides have
not been studied in urban runoff studies, except the organochlorine compounds.
Agricultural/rural runoff studies have examined pesticides entering receiving waters.
Acrolein in storm water was only examined by the NURP Priority Pollutant
study. The holding time was exceeded for the acrolein samples. U.S. aquatic
criteria for acrolein range from 0.021 (freshwater chronic) to 0.068 (freshwater
acute) mg/l. Acute toxicity 96-h LC 50 tests ranged from 0.057 (D. magna) to 0.070
(bluegill) mg/l. Chronic toxicity tests ranged from 0.021 (fathead minnow) to
0.024 (D. magna) mgll. Acrolein is an aquatic herbicide, but other sources include
the combustion of organic material (e.g., urban brush fires), emissions from
internal combustion engines, and industrial discharges.
Aldrin can have a concentration in storm water of 0.0001 mg/l. The drinking
water maximum concentration level for aldrin is combined with dieldrin because
aldrin is biologically altered to dieldrin (more stable form). The range of concentrations are between 0.00003 (WHO) and 0.0007 (Canada) mg/l. The Canadian
freshwater aquatic guideline concentration for aldrin + dieldrin is 0.000004 mg/l.
The U.S. acute aquatic guidelines for aldrin alone are 0.003 (fresh water) and
0.0013 (marine) mg/l. Dieldrin has a range of 0.000005 to 0.0001 mg/l in storm
water. The U.S. aquatic criteria range from 0.0000019 (freshwater and marine
chronic) to 0.0025 (freshwater acute) mg/l. The mean acute LC 50 toxicity for
dieldrin is 0.0025 mg/l, with the lowest concentration being 0.0011 mg/l for
rainbow trout. The lowest chronic toxicity concentration is 0.00022 mg/l for
rainbow trout. Bioconcentration factors as high as 68,286 (lake trout) have been
recorded for dieldrin. Dieldrin's organic carbon partition coefficient (Koc) is 104
at 15°C. Aldrin is still used on a restricted basis as an insecticide (termite control).
Dieldrin is also restricted as a pesticide, although at one time it was one of the most
widely used domestic pesticides. Both aldrin and dieldrin could be a problem in
storm water. Dieldrin's persistence in the environment and its bioaccumulation
potential make it more of a problem than aldrin.
Hexachlorocyclohexane (benzene hexachloride or BHC) is a group of organochlorine pesticide i'somers that have been identified in storm water. Canada has a
freshwater aquatic guideline maximum total concentration of BHC isomers of
0.00001 mg/l. a-Hexachlorocyclohexane (a-BHC) had a concentration of 0.0000027
to 0.0001 mg/l in storm water. There are no drinking water regulations for a-BHC.
No specific toxicity was found for a-BHC. Environmental concentrations in
western Canada waters range up to 20 ng/1. 18 The NURP Priority Pollutant study
detected a-BHC in 20% of the storm water samples. 22 ~-Hexachlorocyclohexane
(~-BHC) and o-hexachlorocyclohexane (o-BHC) had a concentration of 0.0001
mg/l. The main hexachlorocyclohexane in use today is they-isomer. y-hexachlorocyclohexane (y-BHC) or Lindane has a concentration in storm water of 0.000052
to 0.011 mg/l (Love Canal). Storm sewer sediment at Love Canal, NY, had a
maximum concentration of 0.44 mg/g. 130 The NURP Priority Pollutant study
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detected Lindane in 11 % of the stormwater samples. 22 The drinking water quality
guidelines and regulations for Lindane range from 0.0002 (U.S.) to 0.004 (Canada)
mg/l. U.S. aquatic concentrations range from 0.00008 (freshwater chronic) to
0.002 (freshwater acute) mg/l. The acute toxicity (96-h LC50) for Lindane ranges
from 0.002 (brown trout, salmonids) to 0.152 (warm-water fish) mg/l. Chronic
toxicity ranges from 0.0033 (Chironomus tentans) to 0.0145 (D. magna) mgll.
Lindane appears to be relatively stable in water, with little sorption taking place to
biota and sediment. 18 The calculated Kaw for Lindane is 3.72. A half-life of less
than 2 d has been reported for bluegill sunfish. 18 The main use of Lindane is
commercial and domestic pesticide control. Hexachlorocyclohexane isomers, especially Lindane, appear to be a problem in stormwater runoff.
Chlordane in storm water has a concentration range of 0.00001 to 0.010 mg/l.
Drinking water maximum concentration guidelines range from 0.0003 (WHO) to
0.007 (Canada) mg/l. U.S. aquatic guidelines for chlordane range from 0.0000043
(freshwater chronic) to 0.0024 (freshwater acute) mg/l. Acute toxicity concentrations for chlordane range from 0.003 (Cyprinus carpio) to 0.190 (Poecilia reticulata)
mg/l. The chronic toxicity concentration is very persistent in the environment. It
bioaccumulates in edible fish and has a bioconcentration factor for fathead minnows of 37,800. 18 The log Kaw is 2.78. Chlordane is very stable in water but can
volatilize in the absence of sediment (50% in 42 d). Chlordane is easily sorbed to
sediment, and this is more effective than volatilization in removing this pesticide
from water. The use of chlordane has been restricted in Canada to the control of
subterranean insects. Chlordane is a problem in stormwater runoff.
The three main dichlorodiphenyltrichloroethane compounds that have been
detected in storm water are DDD, DDT, and DDE. Drinking water regulations for
the maximum concentration of DDT plus metabolites range from 0.001 (WHO) to
0.03 (Canada) mg/l. There are separate aquatic guidelines for the different metabolites. DDD (l,l-dichloro-2,2-bis(4-chlorophenyl)ethane) (TDE) was not detected
in the NURP Priority Pollutant study, but other research has detected a maximum
of 0.000008 mg/l in storm water. l 9 The U.S. aquatic guidelines range from 0.00006
(freshwater acute) to 0.0036 (marine acute) mg/l. The log Kaw for DDD is 5.99.
It is easily sorbed to o"rganic matter, with a sorption coefficient similar to DDT of
approximately 105 . DDD bioaccumulates in biota, with bioconcentration factors of
103 to 105 . 18 DDT ( 1, 1, 1-trichloro-2,2-bis(4-chlorophenyl)ethane) has a concentration range in storm water of up to 0.0001 mg/l. Sediment in a Florida lagoon fed by
storm water and municipal wastewater outfalls contained DDT (~0.000081 mg/g). 131
Aquatic guidelines range from 0.000001 (Canada freshwater, U.S. chronic criteria)
to 0.0011 (U.S. freshwater acute) mg/l. Acute toxicity concentrations for invertebrates range upward from 0.00018 mg/land for fish, from 0.0006 mg/l. Fathead
minnows had a chronic toxicity concentration of 0.00075 mg/l. DDT has a low
solubility in water (0.0031 g/m3) and has a log Kaw of 6.19. DDT bioconcentrates
in fish up to 106 and biomagnifies up the food chain. 18 DDE (l ,1-dichloro-2,2-bis(4-chlorophenyl)ethylene) has a concentration range of up to 0.000015 mg/l. The
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U.S. aquatic acute guidelines for DDE range from 0.014 (marine) to 1.05 (fresh
water) mg/1. DDE is also toxic and very persistent in the environment. Only DDT
seems to be a problem in storm water.
Endosulfan comes in three main forms (two isomers and an oxide). There are
no drinking water quality regulations for endosulfan. The U.S. aquatic guidelines
for total endosulfan range from 0.0000067 (marine chronic) to 0.00022 (freshwater
acute) mg/l. Endosulfan is one of the most toxic pesticides to fish. The acute
toxicity concentration for fish range upward from 0.0017 (rainbow trout) to 0.0044
(bluegill) mg/l. The acute toxicity for invertebrates ranges from 0.0023 (stonefly)
to 0.740 (D. magna) mgll. Chronic toxicity for the fathead minnow is 0.00028 mg/l
and for D. magna is 0.0043 mg/l. Endosulfan sorbs easily to silts, muds, and
organic matter. a-Endosulfan has a concentration in storm water of 0.0001 to
0.0002 mg/1. The log Kaw for a-endosulfan is 3.55. ~-Endosulfan and endosulfan
sulfate were not detected in any of the research on storm water to date. The log Kaw
for ~-endosulfan and endosulfan sulfate are 3.62 and 3.66, respectively. Endosulfan is a problem in storm water, especially a-endosulfan. Endosulfan is not a
restricted pesticide for agricultural or domestic uses.
Endrin in storm water was found at a concentration of 0.000005 mg/I. The U.S.
drinking water maximum concentration of endrin is 0.002 mg/l. Aquatic guideline
concentrations for endrin range from 0.0000023 (Canada, U.S. chronic criteria) to
0.00018 (U.S. freshwater acute) mg/l. The acute toxicity concentration for fish
ranges from 0.00015 (cuttroat trout) to 0.0021 mg/l. Both invertebrates and plants
are more resistant to endrin than fish. Chronic toxicity concentrations to fish range
upward from 0.0002 mg/I. It has a log Kaw of 5.6. Bioconcentration factors range
from 122 (algae) to 15,000 (fish). The biological half-life for endrin is 1 to 2
weeks. 18 Endrin is not a problem in storm water, based on the limited data
available. Endrin aldehyde was not detected in storm water, and there are no
specific regulations regarding its concentration in water.
Heptachlor and heptachlor epoxide were both detected in storm water at the
same concentration of 0.0001 mg/l. Drinking water regulations for heptachlor plus
heptachlor epoxide Jange from 0.0006 (U.S.) to 0.003 (Canada) mg/l. The U.S.
aquatic guideline concentrations for heptachlor plus heptachlor epoxide range
from 0.0000036 (marine chronic) to 0.00052 (freshwater acute) mg/1. The lowest
acute (96-h LC50) toxicity concentration for fish was 0.010 (rainbow trout) mg/l
and for invertebrates was 0.0009 (stonefly) mg/I. The chronic toxicity concentration for fathead minnows was 0.00126 mg/l. Bioconcentration factors for heptachlor and heptachlor epoxide were 9,500 and 14,400, respectively, for fathead
minnows. Sorption coefficients for clays and humic acids are in the range of 105
to 106 for heptachlor and 200 to 700 for heptachlor epoxide. Heptachlor and
heptachlor epoxide could be a problem in storm water to the aquatic life in the
receiving body of water.
lsophorone was found at a concentration of 0.010 mg/I in storm water. The
U.S. acute aquatic guideline concentration for isophorone is between 12.9 (marine)
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and 117 .0 (fresh water) mg/1. There was no available toxicity data for isophorone.
Isophorone is not a problem in storm water.
Methoxychlor can have a concentration of up to 0.00002 mg/l in storm water.
The drinking water quality maximum concentration for methoxychlor is between
0.03 (WHO) and 0.9 (Canada) mg/1. The U.S. chronic aquatic guideline concentration for methoxychlor is 0.00003 (fresh water and marine) mg/l. The log Kaw
is approximately 5.00, and hence methoxychlor would easily be sorbed to organic
matter and suspended sediment. Methoxychlor is used to control blackfly larvae
and the beetle vector of Dutch Elm disease. Methoxychlor is not expected to be a
problem in storm water.
Toxaphene has not been detected in any of the stormwater studies to date. The
U.S. drinking water quality maximum concentration level for toxaphene is 0.003
mg/l. The U.S. aquatic guidelines range from 0.0000002 (freshwater and marine
chronic) to 0.00073 (freshwater acute) mg/l. Acute toxicity concentrations range
upward from 0.0013 mg/l for stonefly and from 0.002 mg/l for largemouth bass.
Chronic toxicity concentrations range upward from 0.0018 mg/l for Chironomus
plumosus and from 0.000037 mg/l for fathead minnows. Bioconcentration factors
for toxaphene range from 103 to 104 . Toxaphene is a complex mixture of chlorinated compounds. The log Kaw for toxaphene is 6.44. Sorption to organic matter
and sediment is very high. Toxaphene will degrade in anaerobic sediments (50%
in 6 weeks). 18

10. Other Organics
2 ,3 ,7,8-tetrachlorodibenzo-p-dioxin (2,3, 7,8-TCDD) was not detected in storm
water. Love Canal stormwater sediment has concentrations of 2,3,7,8-TCDD
between 0.0000009 and 0.000312 mg/g. The U.S. drinking water quality maximum concentration is 0.00000003 mg/l. The U.S. freshwater aquatic guideline
concentrations are 0.00000001 (chronic) and 0.00001 (acute) mg/l. It has a low
water solubility (0.0193 mg/l) and a log Kawof 6.80. 2,3,7,8-TCDD is very inert,
with a half-life in organic soils of 1 to 10 years. It readily bioaccumulates and has
a bioconcentration factor of 104 • Sources of 2,3,7,8-TCDD include impurities in
pesticides such as 2,4,5-T and 2,4-D, impurities in wood preservatives such as
pentachlorophenol, flyash from incinerators, and combustion of fossil fuels. 2,3, 7,8TCDD does not seem to be a problem in storm water, according to the available
literature. Stormwater sediment in retention/detention basin draining areas that
have wood preservative plants or plants that produce flyash may have elevated
concentrations of 2,3,7,8-TCDD.
Ethylene glycol is used as a deicing agent on some highways. 2 No detectable
ethylene glycol was found in water, soil, and runoff sediment. The maximum air
concentration was 3.4 mg/m 3 in the form of a vapor. Acute toxicity (96-h LC50)
concentrations of ethylene glycol had a range of 27,540 (bluegill sunfish) to 91,430
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(crawfish) mg/I. Microorganisms will biodegrade ethylene glycol in 3 din soil or
water.
Oil and Grease in storm water has a concentration of 0.001 to 110.0 mg/l. Oil
and grease is a composite of possibly thousands of organic chemicals with different
properties and toxicities. The only regulations for oil and grease are for surface
water in Alberta, which has an objective of no iridescent sheen on the water.
Several studies did not break down hydrocarbons into individual chemical
compounds. The hydrocarbon concentration in storm water ranges from 0.64 to
19.71 mg/l. The EEC has a maximum drinking water concentration for total
hydrocarbons of 0.01 mg/I. The storm water sediment concentration of total hydrocarbons was 8.75 to 507.0 mg/g. Aliphatic hydrocarbons have a concentration of
0.2 to 24.0 mg/l in storm water. Aromatic hydrocarbons have a concentration of
0.0004 to 1.31 mg/l in storm water. Unresolved complex mixtures of hydrocarbons
have a concentration of 1.059 ± 1.41 mg/l in storm water.
Chlorinated organics have a concentration in storm water of 0.0066 mg/1. 93
Chlorinated hydrocarbons have a concentration of 0.000038 mg/l in storm water. 125
Alkyl lead compounds in highway runoff have been studied in England.60 The
alkyl lead compounds ranged from 0.0000025 to 0.000117 mg/I in runoff. Trimethyl
lead (TtiML) was detected the most and had the highest concentrations of the alkyl
lead compounds in the runoff. The major source of these compounds is atmospheric washout.

D. Microbiological Contaminants
Storm water has been shown to be a possible major source of microbial
pollution to receiving bodies of water. Infiltration and sediment are sources and
reservoirs of microorganisms and pathogens. Bacterial indicator organisms have
been used to estimate the level of fecal contamination in surface and drinking
water. They have been adopted for use in the analysis of domestic wastewater.
Storm water, on the other hand, sometimes has a high concentration of bacteria and
other microorganism's of pathogenic, nonhuman and nonenteric origin. Fecalbased indicators will not accurately assess a water's potential health risk. 101
The "first" or "initial flush" concept for microorganisms is unclear. Some
studies27 •44 found that bacterial densities occurred at or before hydraulic peaks.
Other studies34·35 ·86•108•109 found little relationship between storm duration, intensity,
and volume of water to peak microorganism densities. Pathogenic microorganisms
may move through the stormwater system in slug concentrations. 35 If disinfection
is part of a city's stormwater management plan, both wet and dry weather flow
disinfection is needed. Infiltration from leaking septic tanks or leaking sewage
lines will cause a low but continuous source of microbial pollution. 108 Other
microorganism reservoirs that will become part of the pollution in storm water are
sediment and snow.
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1. Indicator Organisms
Total coliforms (TC) has a range of 7.0 to 1.8 x 107 colony forming units
(CFU)/100 ml in storm water. The means of reported TC values range from 9.8 x
10 1 to 2.2 x 106 CFU/100 ml. Drinking water quality regulations have a concentration goal of zero TC. Alberta has an objective for surface water of less than 5000
TC per 100 ml for 90% of the samples (greater than five samples in a 30-d period).
The TC test indicates the presence of E. coli, Citrobacter, Enterobacter, and
Klebsiella. TC data are not good indicators for evaluating the total human health
risk potential from microorganisms in storm water, 47 •101 especially if there are no
sewage connections. 7•8
Fecal coliforms (FC) have a range of 0.2 to 1.9 x 106 CFU/100 ml in storm
water. The means of FC values range from 1.6 x 102 to 2.5 x 105 CFU/100 ml. High
FC concentrations can be accounted for in that some of the studies were not done
on totally separate stormwater systems. Drinking water standards have a maximum
FC concentration of zero per 100 ml. Alberta has an objective for surface water of
less than 1000 FC per 100 ml for 90% of the samples (greater than five samples
in a 30-d period). In the NURP studies, FC standards were violated on several of
the projects. 7•8 The FC test indicates the presence primarily of E. coli and Klebsiella. In a totally separate storm sewer system, FC come from fecal material
deposited from dogs, cats, rodents, and birds onto soil, pavement, and crossconnections. Assuming recently deposited wastes, the fecal coliform-to-fecal streptococci ratio (FC/FS) should be less than 0.7 47 for a completely separate storm
sewer. An FC/FS greater than 4.0 indicates possible human fecal material in the
stormwater system. FC can survive in storm drain sediment at very high concentrations for up to 6 d in ideal situations. 86 Some epidemiological studies have
indicated that FC indicators cannot be used to accurately ascertain the total pathogens (nonenteric bacteria and nonbacteria pathogens) in recreational water fed
partially by storm water. 7 ·8•101
Fecal streptococci has a range of 3.0 to 1.4 x 106 CFU/100 ml in storm water,
with means rangiQg from 2.1 x 102 to 1.1 x 105 CFU/100 ml. The EEC has a
drinking water maximum allowable FS concentration of zero per 100 ml. Like FC,
FS can survive in storm drain sediment at very high concentrations up to 6 d in
ideal situations. 86 The FC/FS should be less than 0.747 for a completely separate
storm sewer. If the FC/FS is greater than 4.0, there is some human fecal material
in the stormwater system. The FS concentration decreases with increases in turbidity and solids, but increases with increasing water flow. 27 FS include S. faecalis,
S. faecium , S. durans, S. bovis, and S. equinus. All but S. durans were separately
identified in storm water. 47 •100 Enterococci is a subset of the FS family (including
all the above species except S. bovis and S. equinus ).100 Enterococci has a stormwater
range of 1.2 x 102 to 3.4 x 105 . The Canadian maximum recreational water quality
guideline for Enterococci is ::;350/l averaged over at least five samples in a 30-d
period. The use of Enterococci isolates instead of FS may be more useful in
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determining the type, source, and amount of fecal contamination's but may not be
appropriate for storm water.
The heterotrophic plate count (HPC) has only been recorded in one study. 34
The stormwater range was 6.9 x 104 to 4.9 x 105 CFU/ml. The Canadian drinking
water quality maximum level for HPC is ::;500 CFU/ml.

2. Bacteria
Pseudomonas aeruginosa has a concentration range of 1.0 to 1.1 x 107CFU/
100 ml. It is present on plants and in soil. 1s In most studies, P. aeruginosa was the
most predominant bacteria isolated. It is also sometimes used as an indicator
organism because of its high resistance to disinfection, its ability to multiply in
treatment plant filters (sand, granular activated carbon), and because it is an
opportunistic nonenteric pathogen. 51 P. aeruginosa is a common cause of skin
rashes and of external ear infections among swimmers, is.w7 but is probably not a
major problem in storm water.
Escherichia coli in storm water has a concentration range between 1.2 x 10 1
and 4.7 x 103CFU/100 ml, with a maximum concentration of 1.3 x 105 CFU/100
ml. The Canadian maximum recreational water quality guideline for E. coli is
::;2000 CFU/l averaged over at least five samples in a 30-d period. 1s E. coli is the
main coliform bacteria in human feces (approximately 97%). It appears to be the
best freshwater fecal indicator, even though the analysis can be time consuming
and expensive. 18 With the recent development of the DNA and polymerase chain
reaction probe techniques, E. coli can be identified more readily. 101 £. coli can be
found in pristine (uninhabited) areas and is not strictly associated with urban or
agricultural development. 95 It has an infectious dose> 106 CFU, 64 and usually 10s
CFU. 100 £. coli is probably not a concern in separate storm sewers but would be
in combined sewer overflows.
Salmonella has a concentration range up to 4.5 x 103 CFU/100 ml. Eight
different species have been identified in storm water. S. thompson has been found
at a concentration of 4.5 x 103 CFU/100 ml. 47 All Salmonella are pathogenic and
can cause a health hazard if not eliminated from water. 1s S. typhimurium has an
infectious dose > 105 CFU, 64 and in general the dose is 105 CFU. 100 Salmonella
from agricultural animals can be a major source of pathogens in a stormwater
system that partially drains rural areas. 47 Geldrich has correlated the occurrence of
Salmonella and FC. When the FC count exceeds 2000 CFU/100 ml, there is a
97 .6% detection of Salmonella. 101 There also is some correlation of Salmonella
with other indicator organisms (TC, FS, and Enterococci). 100 The Baltimore study 100
showed that most Salmonella results underestimate the actual levels of Salmonella.
Stormwater sediments may sorb pathogens such as Salmonella at very high concentrations.46 According to the limited data available, the health hazard of Salmonella in storm water is probably low.
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Shigella has not been identified in storm water, although there are indications that it is always present in wastewater and urban runoff. 100 It has occasionally been reported as the source of recreational water pollution. 18 Waterborne
Shigella can usually be tracked down to an identifiable source of contamination . The infectious dose of Shigella is 10 1 to 102 organisms. 100 It is unknown
whether Shigella is a problem in storm water.
Klebsiella has been detected in storm water sediment in the range of 4.0 x 103
to 1.9 x 105 CFU/100 ml. Both K. pneumoniae and K. aerogenes were identified. Klebsiella can survive and replicate in organic-rich environments 18 and
sorb to stormwater sediment. 114 It is not restricted to fecal sources. The
pneumoniae infectious dose level is unknown. 64 There is little chance of Klebsiella causing serious illness or infection. 18 Based on the limited data available,
Klebsiella probably is not a problem in storm water. There will be higher
concentrations of Klebsiella in stormwater sediments than in the water itself,
and combined sewer overflows may have higher numbers of Klebsiella than
separate storm sewers.
Enterobacter and Citrobacter were detected as isolate percentages of total
coliforms in storm water. The range of values for Enterobacter was 16 to 22%,
and for Citrobacter 6 to 10%, of total coliforms. 34·108 Both Enterobacter and
Citrobacter are part of the total coliform indicator group of bacteria. They are
rarely associated with enteric wastes. 101 It is unknown what the infectious dose
is for both genera of Entrobacter, 64 and it is unknown whether they are a
problem in storm water.
Yersinia enterocolitica was not detected in any of the stormwater studies.
The major sources of human infection of Y. enterocolitica are pigs (directly
and consumption of raw pork) and wild animals contaminating water supplies.113 Y. enterocolitica has an infectious dose > 10 CFU. 64 It is unclear how
much of a problem Yersinia is in storm water.
Staphylococcus aureus has a range of 1 to 1.2 x 102 MPN/100 ml. It is an
opportunistic pathogen and can survive for long periods of time.18 S. aureus was
found in 96% of th~ stormwater samples in one study. 100 It was also observed in
low concentrations in most of that study's stream samples. S. aureus usually affects
the exposed skin, causing boils, impetigo, etc. 100 Bath and laundry water is believed
to be the primary contributors of S. aureus in domestic wastewater. The infectious
dose of S. aureus is unkown.64 S. aureus will be more of a problem with combined
sewer overflows than separate storm sewers.
Legionella has been found in low concentrations in receiving bodies of
water and in water treatment plants and distribution networks. Heat sources
tend to stimulate the growth of Legionella in plumbing systems. Amoebae and
other protozoa act as hosts for and stimulators of Legionella. Chlorine is not
a very effective disinfectant for Legionella. 120 Legionella has not been detected
in storm water. L. pneumophila has an infectious dose of about 10 CFU. 64 It is
uncertain how much of a problem Legionella is in storm water.
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3. Viruses
All warm-blooded animals, fish, and even plants can release viruses into
bodies of water. Water-transmitted human enteric viruses are considered a major
concern to human health. They are very resistant to environmental degradation as
well as water/wastewater treatment processes. There are over 118 types of human
enteric viruses known to date. 48 Enteroviruses were detected in storm water at
concentrations of 6.9 to 280 PFU/10 1, and reovirus in 3% of the stormwater
samples of a Baltimore study. 100 Reovirus was also detected in a Burlington
study. 34 Poliovirus was detected in 54% of the stormwater samples in one study 100
and at a concentration of up to 608 PFU/10 1 in another study. 43 Coxsackie virus
B was found in 53% of the stormwater samples in one study 100 and at a concentration of up to 18 PFU/10 1 in another study. 43 Echovirus was found in 24% of the
stormwater samples in the Baltimore study 100 and as high as 2.6 PFU/10 1 in the
other study. 43 Adenovirus was found in approximately 1%, and animal viruses in
approximately 88% of the stormwater samples, in the Baltimore study. 100 Viruses
were the cause of at least 12% of the total waterborne disease outbreaks in the U.S.
from 1946 to 1980.48 The minimum infectious dose for viruses is 1 to 10 PFU.48•64
Viruses are more resistant to disinfection and water treatment processes than
bacteria. Water quality regulations based on coliform standards should not be
assumed to be virus free. The U.S. drinking water standards require a 99.99%
removal or inactivation of virus cysts within the primary distribution network.
Combined sewer overflows are a potential source of human enteric viruses entering
a receiving body of water, and separate storm sewers are a source of animal viruses.
Epidemiological data suggest that the threat to health from viruses is low. 100

4. Protozoa
To date, no studies have identified these or other pathogenic protozoa in storm
water. This does npt mean that they do not exist. The major protozoa that may be
present in storm water are Giardia lamblia and Cryptosoridium spp.
Giardia has several species (G. lamblia, G. duodena/is, G. muris, and G. agilis).67
G. duodena/is is found in humans, beavers, muskrat, mule deer, domestic sheep,
cattle, elk, coyotes, dogs, cats, horses, moose, and some wild and laboratory
rodents. There is clear cross-transmission of G. duodena/is in many of the animals
with humans. G. lamblia is found in humans. G. muris is not known to be
pathogenic to humans. G. agilis is found in frogs, salamanders, and toads but
appears to be very rare in water bodies. A large sampling program from municipalities across North America indicated that 18% of the samples had Giardia
cysts.67 Wild animals can shed up to 106 to 108 cysts per animal per day. In several
studies, Giardia was not statistically associated with total or fecal coliforms or
turbidity. 11 2 An infectious dose of G. lamblia can be as low as one cyst. 64 The U.S.
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drinking water standards require a 99.9% removal or inactivation of G. lamblia
cysts within the primary distribution network. Even though the main pathway for
Giardia is fecal-oral, person to person, it could be a problem in storm water.
Cryptosporidium has only recently been found to be a human pathogen (1976) .
The first waterborne outbreaks attributed to Cryptosporidium were in 1985 and
1987. Two species that infect mammals are C. parvum and C. muris. An infectious
dose for Cryptosporidium is unknown at present, but from research on other
animals, the infectious dose would be a low number of oocysts. 64 · 112 Children under
2 years of age are very susceptible to Cryptosporidium infection. Major studies
have concluded that Cryptosporidium is the most predominant intestinal protozoan
in humans. 112 Transmission routes include fecal-oral, person to person, water, food
borne, and zoonotic. Wastewater can have a range of Cryptosporidium between 4
and 5180 oocysts/l. 64•112 Wastewater may be a significant source of contamination
of Cryptosporidium in the environment. Cryptosporidium was detected even in
pristine waters (83%, 0.02 to 0.08 oocysts per liter) in a Western U.S. study. 112
Agricultural runoff from dairies and grazing land may be as important a source as
wastewater. Total and fecal coliforms and turbidity may not be associated with the
concentration of Cryptosporidium. FS may be a better indicator of protozoan
concentrations. Disinfection and filtration or coagulation/sedimentation/disinfection can control Cryptosporidium. It is clear that Cryptosporidium could be a
problem in storm water, especially if it is a combined sewer overflow (CSO).

5. Fungi and Parasites
Fungi in storm water has a concentration of 6.0 x 102 and 1.2 x 107 organisms
per 100 ml. The fungi could not be identified as being invasive, pathogenic, or
saprophytic. 35 They include molds and yeasts. Fungi populations increase during
a storm event (first flush). With the high populations of fungi obtained from these
studies, 34 ·35 · 109 there is a potential threat of another group of pathogens contaminating receiving bodies of water.
One stormwater study 35 identified several nematodes during storm events.
These parasitic roundworms may belong to the order Rhabditida. They normally
are found in benthic habitats and moist soils, and are also found in untreated and
treated drinking water systems. Research has shown that nematodes that ingest
enteric pathogenic bacteria and viruses can shield them from disinfection by
chlorine. 81 This makes them a potential pathogenic threat in storm water and
receiving bodies of water.

Ill. SUMMARY
Assessment of urban stormwater quality is very complex. Concentrations of
the different chemicals will change as the storm water travels through the callee-
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tion system to the receiving waters. Dilution and dispersion will occur downstream
of outfalls and will eventually lower the concentration of contaminants. Identifying
contaminant sources and controlling or eliminating them before they enter the
collection system can be one of the most effective treatments of storm water.
A summary of the possible contaminants in storm water is presented in Table
3. The table contains all the references that pertain to each contaminant. The best
reference for each contaminant is identified, where possible. An attempt has been
made to identify contaminants of concern for human and aquatic life in the
"Stormwater Problem" columns. The contaminants are classified as being "Major", "Minor", or "No" problem in storm water. If the particular contaminant upper
concentration limit is ten times the regulation maximum allowable concentration
(MAC) for drinking water quality guidelines or aquatic life guidelines, the contaminant is classified as a "Major" problem. If the concentration range is between
the MAC and ten times the MAC, the contaminant is classified as a "Minor"
problem. If the range of the contaminant is below the MAC, there is "No" apparent
stormwater problem. Contaminants with little data, no set guidelines, or limited
toxicity data are identified by a question mark (?).

IV. CONCLUSIONS
Over the past 3 decades, stonnwater research has identified many contaminants that can, or may, be in storm water. These stormwater contaminants in
relatively undiluted concentrations may be a hazard to both human and aquatic life.
Municipalities that have water intakes located downstream of stormwater outfalls
may be placing their population in a potential health risk situation. The magnitude
of the risk would be dependent on many site-specific considerations, including the
type of water treatment applied. The main goal of this report has been to identify
the most important contaminants that may cause a health hazard to municipalities.
The most critical stormwater contaminants affecting humans, with respect to
drinking water, ar~ total suspended solids, aluminum, chloride, chromium, iron,
lead, manganese, mercury, total polycyclic aromatic hydrocarbons, benzo(a)pyrene,
tetrachloroethylene, fecal coliforms, fecal streptococci, and Enterococci. The most
critical stormwater contaminants affecting aquatic life are total solids, total suspended solids, aluminum, beryllium, cadmium, chloride, chromium, copper, iron,
lead, mercury, nitrogen, silver, zinc, dissolved oxygen, polychlorinated biphenyl,
bis(2-ethylhexyl) phthalate, y-BHC, chlordane, heptachlor, and heptachlor epoxide.
Knowing the contaminants that present the greatest risk to the public can be
helpful to municipalities with limited resources in developing cost-effective sampling and monitoring programs. As good stewards of the environment, municipalities and other government jurisdictions can also use this review to develop a
monitoring system to identify those contaminants that may harm the aquatic life in
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TABLE 3
Contaminant Summary
Range
(mg/I)

Stormwater problem
Human

Aquatic

Ref.
Best

Other

Physical Contaminants
Total solids

76 - 36,200

No

Major

79

Total suspended solids

1 - 36,200

Major

Major

79

Total dissolved solids

75.9 - 2792

No

Minor

79

0.1 - 16.0
0.0035 - 0.023
0.001 - 0 .21

Major
Minor
Minor

25
22
22

?

?

0.066 - 0.087
0.001 - 0.049
0.00005 - 13.73

No
Minor
Minor

Major
No
Minor
?
No
Major
Major

17, 19, 20, 23, 32, 44, 82,
84, 114
8, 12, 19-21, 23, 32, 41,
44, 57, 61, 63, 72, 78,
82,84, 89,99, 103, 114,
116, 119, 122, 125
72, 116, 139

Inorganic Chemicals
Aluminum
Antimony
Arsenic
Asbestos
Barium
Baryllium
Cadmium

25
22
22

11 , 23
25
2, 3, 5, 19, 20, 52, 96, 97
22
25
3, 19, 20, 25, 32, 38, 50,
52, 56, 57, 59, 61--{)3,
66, 72, 80, 88-92, 94,
1 02- 10~ 110, 11 6, 1 1~

Calcium

0.04 - 2113.8

No

No

25

Cerium
Chloride

0.047-0.136
0.30 - 25, 000

?

Major

?
Major

132
25

Chromium

0.001 - 2.30

Major

Major

22

Cobalt
Copper

0.0013 - 0.0054
0.00006 - 1.4 1

?
No

?
Major

25
22, 38, 57

Cyanides
Fluoride
Iron

0.002 - 0.033
0.1 -0.2
0.08 - 440.0

No
No
Major

Minor
No
Major

22
25
25, 38, 57

Lead

0.00057 - 26.0

Major

Major

22, 38, 57

Magnesium

0.02 - 304.2

No

No

25

Manganese

0.007 - 3.80

Major

?

25, 38
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123, 132, 137-1 40
11 , 21,23, 32, 50, 63, 90,
114, 117
17, 20, 21,32, 63, 72,82,
89, 94, 11 7, 122
3, 19- 21, 23, 25, 32, 50,
52, 56, 57, 72' 89, 94,
116, 119, 123, 132, 135,
138, 140
23, 132
3, 19, 20, 23, 25, 32 , 50,
52, 56, 57, 59, 61--{)3,
66, 72, 80, 84, 88-92,
94, 96 , 97, 102- 104,
106, 110, 116, 11 9, 123,
125, 132, 135, 137-140

11, 19, 21, 23, 25, 32 , 50,
56, 57, 61--{)3, 72 , 80,
89, 94, 116, 123, 140
3, 11, 17, 19, 20, 23, 25,
32, 50, 52, 56, 57, 59,
61--{)3, 66, 72, 75, 80,
84, 88-92, 94, 96, 97,
102- 104, 106, 110, 11 6,
11 9, 123, 125, 135, 137140
11, 2 1, 23, 63, 114, 116,
117
11, 2 1,23, 57, 61--{)3, 80,
84, 116, 132

TABLE 3 (continued)
Contaminant Summary
Stormwater problem

Range
(mg/I)

Human

Aquatic

Ref.

Best

Mercury
Nickel

0.00005 - 0.067
0.001 - 49.0

Major
Minor

Major
Minor

22
22, 25

Nitrogen (all forms)

0.07 - 16.0

Minor

Major

84, 89, 139

Phosphorus (total)

0.01 - 7.3

No

Minor

8

Phosphorus (leachable)
Potassium
Selenium
Silver
Sodium
Sulfate

0.0381 - 3.52
0.01 - 34
0.0005 - 0.077
0.0002 - 0.014
0.18-660
0.06 - 1252

No
Minor
Minor
No
Minor
Minor

Minor
No
Minor
Major
No
Minor

8, 31
25
22
22
25
25

Thallium
Vanadium
Zinc

001 - 0.014
0.0072 - 0.0085
0.0007 - 22.0

Minor
?
Minor

No
?
Major

22
25
22, 38, 57

Other
19, 20, 32, 50, 56, 93, 94
3, 19-21 , 23, 32, 50, 52,
56, 57, 72, 88, 94, 96,
97, 132, 135, 138, 140
8, 19-21, 25, 32, 41, 53,
58, 72, 75, 78, 82, 11 6,
117, 122, 123, 138
11, 19, 20,23, 24, 32, 41 ,
58, 72, 78, 82, 88, 89,
94, 99, 116, 123, 125,
138, 139
53, 79, 82, 122
11 , 21, 58, 63, 72, 11 7
25, 52
3, 20, 52
11 , 21, 32, 63, 72, 117
21 ,32,58,63, 72, 94, 11 7,
122
132
3, 11 , 19-21 , 23, 25, 32,
50, 52, 56, 57, 59, 6163, 66, 72, 75, 80, 84,
88-92, 94, 96, 97, 102104, 106, 110, 116, 123,
125, 132, 135, 137-140

Other Chemical Parameters
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Dissolved oxygen
Hardness
Alkalinity

0- 14.0
12- 1100
8 - 1273

No
No
No

Major
No
No

74

Biochemical oxygen
demand
Chemical oxygen demand

1 - 7700

Minor

Minor

8

7 - 2200

Minor

Minor

8

• 4.5 - 8.7

Minor

Minor

55

pH

23, 42, 44, 90, 122
11, 57, 72, 90, 122, 139
11 , 23, 32, 57, 72, 90, 114,
122, 139
12, 17, 19, 20, 41 , 78, 79,
82, 89, 94
17, 19, 20,23, 32, 41, 72,
75, 78, 79, 82, 89, 99
11 , 20, 40, 50, 57, 58,
76, 79, 91, 94, 99, 114,
115, 139

Organic Chemicals
Polychlorinated biphenyl
Total PAH
Anthracene
Benzo(a)anthracene
Benzo(b)fluoranthene
Benzo(k)fluoranthene
Benzo(g,h,i) perylene
Benzo(a)pyrene
Benzo(e)pyrene
Chrysene
Dibenzo(a,h)anthracene

2.7E-5 - 1.1E-3
2.4E-4 - 1.3E-2
9E-6 - 1E-2
3E-7 - 1E-2
3.4E-6 - 1.9E-3
1.2E-6 - 1E-2
2.4E-6 - 1.5E-3
2.5E-6 - 1E-2
4E-3 - 6.1E-3
3.8E-6 - 1E-2
6E-7 - 9E-4

Minor
Major
?
?
?
?
?
Major
?
?
?

Major
No
?
?
?
?
?
?
?
?
?

129

22
22
22
22
22
22
13
22
13
22
13

19,
50,
50,
13,
13,
13,
22,
13,
50,
13,
22,

32,
94,
66,
50,
50,
77
50,
50,
77
50,
50,

56, 88, 131
123
77, 12 1
66, 77
66, 77, 137
66, 77, 137
66, 77, 137
77
77

.,
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TABLE 3 (continued)
Contaminant Summary
Range
(mg/I)
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Fluoranthene
Fluorene
lndeno(1,2,3-c, a')pyrene
Methylphenanthrenes
2,Methylanthracene
9, 10-Dimethylanthracene
Naphthalene
Perylene
Phenanthrene
Pyrene
Dichloromethane
Tetrachloromethane
Trichloromethane
1,2-Dichloroethane
1, 1, 1-Trichloroethane
1, 1,2-Trichloroethane
1, 1,2,2-Tetra
chloroethane
1, 1-Dichlorethylene
1,2-Transdichlorethylene
1, 1, 1-Trichloroethylene
Tetrachloroethylene
1,2-Dichloropropane
1,3-Dichloropropene
Halogenated ethers
Benzene
Chlorobenzene
Ethyl benzene
Nitrobenzene
Toluene
Phenol
2-Chlorophenol
2,4-Dichlorophenol
2,4,6-Trichlorophenol
Pentachlorophenol
2-Nitrophenol
4-Nitrophenol
2,4-Dinitrophenol
2,4-Dimethylphenol
P-Chloro-m-cresol
4,6-Dinitro-o-cresol
Dimethyl phthalate
Diethyl phthalate
Di-n-butyl phthalate
Di-n-octyl phthalate
Bis(2-ethylhexyl) phthalate
Butyl benzyl phthalate
Nitrosamines
Acrolein
Aldrin + dieldrin
a-BHC
~-BHC

o-BHC
y-BHC
Chlordane
DDT

Stormwater problem

Ref.

Human

Aquatic

3E-5 - 5.6E-2
0.6E-5 - 1E-3
3.1E-4- 5E-4
2.9E3 ± 3.4E-3
1E-5 - 1.6E-3
1E-3 ± 1 .4E-3
3.6E-5 - 2.3E-3
5E-5 ± 5E-4
4.5E-5 - 1E-2
4.5E-5 -1E-2
0.005 - 0.0145
0.001 - 0.002
0.0002 - 0.012
<0.004
0.0016 - 0.01
0.002 - 0.003
0.002 - 0.003

?
?
?
?
?
?
?
?
?
?
Minor
No
No
No
No
?
?

Minor
?
?
?
?
?
No
?
?

?
No
No
No
No
No
No

22
22
13
13
13
13
22
13
22
22
22
22
22
22
22
22
22

0.0015 - 0.004
0.001 - 0.003
0.0003 - 0.01
0.0045 - 0.043
<0.003
0.001 - 0.002
Not detected
0.0035 - 0.013
0.001 - 0.01
0.001 - 0.002
Not detected
0.009 - 0.012
0.003 - 0.01
<0.002
Not detected
Not detected
0.001 - 0.1 15
0.001 - 0.019
Not detected
Not. detected
<0.010
<0.0015
Not detected
Not detected
0.002 - 0.010
0.0005 - 0.011
0.0004 - 0.001
0.007 - 0.039
<0.010
Not detected
Not detected
5E-6 - 1E-4
2.7E-6 - 1E-4
<0.0001
<0.0001
5.2E-5 - 1.1 E-2
0.0001 - 0.010
<0.0001

Minor
No
No
Major
No
?
?
Minor
?
No
No
No
Minor
No
No
No
Minor
No
No
No
No
Minor
?
No
No
No
No
Minor
No

No
No
No
No
No
No
?
No
No
No
No
No
Minor
No
No
No
Minor
No
No
No
No
Minor
?
No
Minor
Minor
Minor
Major
Minor
?
?
Minor
Minor
Minor
Minor
Major
Major
No

22
22
22
22
22
22
22
22
22
22
22
22
22
22
22
22
22
22
22
22
22
22
22
22
22
22
22
22
22
22
22
22
22
22
22
22
22
22

?

?

?
Minor
?
?
?

Minor
Minor
No

130

Best

Other
13, 50, 66, 77, 137
50, 77
22, 77, 137
22, 77
50, 77
50
77
13, 50, 66, 77
13, 50, 66, 77

130

130

17, 19, 32
32
19, 130

19, 131

.
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TABLE 3 (continued)
Contaminant Summary
Range
(mg/I)
DOD
DOE
o:-Endosulfan
-Endrin
Heptachlor + H. epoxide
lsophorone
Methoxychlor
Toxaphene
2,3,7,8-TCDD
Ethylene glycol

<8E-6
<1 .5E-5
0.0001 - 0.0002
<0.000005
<0.0002
<0.010
<0.00002
Not detected
Not detected
Not detected

Stormwater problem
Human

Aquatic
Minor
No
Minor
Minor
Major
No
No

No
No
No
No
No
No
No

?

?

No
No

No
No

Ref.
Best

Other

19
19
22
19
22
22
19
22
118
2

22
22

3, 19, 20, 32 , 40, 56, 72,
119, 125
20, 57, 80, 94, 102, 133
20
20

22

22

Organic Compounds
Oil and grease

0.001 - 110

Minor

Minor

121

Hydrocarbons
Aliphatic hydrocarbons
Aromatic hydrocarbons
UCM
Chlorinated organics
Chlorinated hydrocarbons
Alkyl lead compounds

0.64 - 19.71
0.2 -24
0.0004 - 1.31
1.059 ± 1.4
<0.0066
<0.000038
2.5E-6 - 1.2E-4

?
?
?
?
?
?
?

?
?
?
?
?
?
?

13, 40
13, 40
13, 40
13
93
125
60

Microbiology
( /100 ml)
Total coliforms

7 - 1.8E7

?

34, 35

Fecal coliforms

0.2 - 1.9E6

Major

34, 35

Fecal streptococci

3 - 1.4E6

Major

34, 35

Enterococci
1.2E2 - 3.4E5
HPC (#/ml)
6.9E4 - 4.9E5
Pseudomonas aeruginosa • 1 - 1.1 E7
Escherichia coli
1.2E1 - 4.7E3
Salmonella (MPN/10L)
5.7 - 4.5E3
Shigella
Not detected
Klebsiella
4E3 - 1.9E5
Enterobacter
Nol detected
Citrobacter
Not detected
Yersinia enterocolitica
Nol detected
Staphylococcus aureus
1 -1 .2E2
(MPN/100 ml)
Legion el/a
Not detected
Streptococcus
Detected
Viruses
Detected
Giardia
Not detected
Cryptosporidium
Not detected
Fungi
6E2 - 1.2E7

Major

44
34
34, 100
44
47
100
114
34
34

Minor
Minor
Minor
Minor

Parasites -

Minor

35

,..
~?>~;~i~H~~H~k~::~>:·:~:· ~~ :~~5~~1~~~

'

nematodes

Detected

?
Minor
Minor
Minor

?
No

?
?
?
Minor

?
?

Range ( /100 ml).
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12, 19, 20, 27, 30 , 45 ,
47, 79 , 89, 95, 100,
109, 122
12, 17, 19, 23, 27 , 30,
41, 44 , 45, 47, 78, 79,
8~ 10~ 101 , 10~ 11~
122
27, 30, 44, 47, 79, 89,
95, 100, 101, 109
47 , 100
27, 35, 101, 109, 114
95, 114
27, 35, 100, 109, 114

108
108

100

27, 109

47
100

100
34, 43

35

34, 109

'
the receiving body of water. The most critical contaminants are identified in Table
3 in Section III. After the initial analysis is complete, the threat of storm water to
human and aquatic life can be assessed and mitigative measures can be examined.
Sources of the critical contaminants can hopefully be identified by stormwater
chemical tracing surveys. The references cited in this report may also be helpful
in identifying the source(s) of pollution.
This review has also identified several deficiencies in stormwater research.
The speciation of metals in storm water and their corresponding toxicities have not
been researched in any depth. Research into combinations of different inorganic
and organic chemicals in storm water, and their combined toxicities, is in its
infancy. There are very limited data on many of the organic chemicals identified
in storm water. There are even less data on the microbiological contaminants in
storm water. Indicator organisms that can properly assess the microbiological
quality of storm water must be developed. These deficiencies create an important
opportunity for research scientists to explore. Continued research on storm water
and its composition will help to better predict the impact it has on the environment.
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